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ABSTRACT

COGNITIVE WORKLOAD AND PERFORMANCE EVALUATION IN A
TELEMEDICAL SIMULATION.

Name: Hahus, Jennifer, J.
University o f Dayton, 1996
Advisor: Dr. L.A. Whitaker
Telecommunication is a rapidly expanding form o f interacting with a distant
party. Medicine has become a popular forum for using this technology in a field known
as telemedicine. Telemedical interactions may involve anything from transmitting x-rays
over great distances to examining a patient in real time via a television monitor. The
introduction o f any new technology carries the potential o f both benefits and risks.
Among these are potential risks to both medical patients and providers. The present
research addresses one such risk: the consequences o f excessive cognitive workload
imposed by the telecommunication per se. It was the goal o f this study to choose a
workload metric that would later be applied to actual telemedical situations to determine
the workload o f the participants. There are several evaluating metrics from which to
choose. To determine the sensitivity o f the several candidate workload metrics, a
prototype task varying in difficulty was used. The spatial ability o f the communicators
was also measured to determine whether this ability influenced performance or assessed
workload.
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The hypothesis that task difficulty affected the task performance (time to
completion) and subjective workload assessments was confirmed. For the task tested,
telecommunication did not significantly effect performance measures or workload
assessments. Furthermore, spatial ability had no significant effect on workload rating or
on the speed with which the task was completed. Finally, the metric that best represented
the different levels o f task difficulty was the Subjective Workload Assessment Technique
(SWAT). It was found to be the most sensitive to changes in workload throughout the
experiment.
Implications: Two crucial elements may be drawn from the results o f this study.
The first is that telecommunication does not necessarily adversely affect workload or
performance. The second is that a sensitive workload metric has been selected for future
use in the telemedical arena.
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CHAPTER I

INTRODUCTION

This thesis was undertaken to examine the effects on workload which may be
imposed by telecommunication when used in the practice o f medicine. In such instances,
this practice is called telemedicine and it allows the physician and patient to be located in
different places during medical diagnosis, treatment, or evaluation. While such
technology has been used experimentally in medicine for some time, only recently has the
potential for its expanded use led to concerns about the patient outcome and physician
workload which may be imposed by telemedicine. Bogner (1994) has discussed the
dangerous consequences o f unevaluated technology and its introduction into medical
procedures. The specific realm o f concern in this thesis is cognitive workload and
whether telemedicine increases that workload on the physician. This could be a problem
because cognitive workload has been found to be a factor in errors and performance in
other fields o f work (Moray, 1982).
The following sections o f this introduction will describe several topics related to
this area. First, a description o f telemedicine itself including its past, present, and future
applications to our health care system. Second, the costs o f instituting a telemedical
system both economically as well as socially. Third, the present study and hypotheses to
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be tested in this study will be described. Finally, this chapter will conclude with a
discussion o f the criteria for selecting the workload metrics to be used in this study.

TELEMEDICINE
DEFINITION
The term telemedicine is a combination o f the Greek word “tele” meaning at a
distance and the Latin “mederi” meaning healing (Preston, 1993). The definition o f
telemedicine is the following: “The investigation, monitoring, and management o f
patients and the education o f patients and staff using systems which allow ready access
to expert advice and patient information, no matter where the patient or relevant
information is located” (Harris, 1994). Telemedicine has often been linked with
teleoperation, telepresence, and telerobotics. It should be noted, however, that with
teleoperation and telepresence, humans are an integral part o f the loop and their
intelligence can not be replaced. In contrast, with telerobotics, there is an attempt to
replace human intelligence with that o f a machine (Satava and Simon, 1993).
A typical encounter in a telemedical environment may involve interaction with a
patient, retrieval o f information from the patient’s file, transmitting photographs or video
images o f an afflicted body area, sending fax transmissions, or storing notes and images
for later reference (Preston, 1993). For example, suppose a physician’s assistant in a rural
Iowa clinic has contacted her supervising cardiologist located in Des Moines. The
assistant has given an initial examination to a patient who complains o f chest pains and
shortness o f breath. After discussing the condition with the cardiologist, it is decided that
the cardiologist must see the patient as soon as possible. However, the two feet o f snow
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preclude travel for at least the next week. Through a telemedical system involving video
and electrocardiograph (EKG) image transmission, the cardiologist is able to examine
and diagnose the patient the same day. This is an example o f a telemedical conference in
which a medical practitioner (physician’s assistant) seeks additional information
transmitted electronically from an expert (cardiologist). This chain o f information
transmission is typical o f a telemedical procedure.
HISTORY: 1950 to 1980
Telemedicine began in the United States in the 1950s. In 1959, the University o f
Nebraska was using telemedicine type transmission for demonstrations involving
neurological patients and case information for medical students. This university also
created a two way television link between the Psychiatry Department and the Norfolk
State Hospital 112 miles away (Wittson, 1972).
In 1959 a patient was wired with EKG connections and his EKG was transmitted
by telephone from Tripler Army Medical Center in the Pacific Basin to Montgomery,
Alabama. This demonstration was the first Trans-Pacific cable transmission o f actual
heartbeats and electrocardiograms (Often, 1995).
Another early application was a project known as Space Technology Applied to
Rural Papago Advanced Health Care (STARPAHC). This endeavor delivered health care
to the Papago Indian Reservation in the Sonora Desert o f Arizona. Under the
supervision o f physicians based remotely in Sells, Arizona, a physician’s assistant
administered medical care (Pool, 1991).

4
Finally, Massachusetts General Hospital in Boston established a link with a
medical station at the city’s Logan Airport in 1967 (Harris, 1994). Diagnoses made over
the video link by a hospital physician were compared to diagnoses made on the same
patients later examined at the physician’s office. Ninety-eight percent o f the video
diagnoses were accurate and the other two percent erred on the safe side (false alarms)
(Stevens and Rasmussen, 1982). Unfortunately, such evaluation o f telemedical
applications have been the exception rather than the rule.
HISTORY: 1980s to PRESENT
Perhaps the most significant example o f telemedical cooperation to date is a
project known as the Telemedicine Spacebridge. In December 1988, an earthquake
struck the Soviet Republic o f Armenia resulting in 25,000 deaths and over 125,000
additional casualties. Links were established between the Republic Diagnostic Center o f
Yerevan, Armenia, some regional hospitals in Armenia, and four American medical
centers in Maryland, Texas, and Utah. Over four hundred American and Soviet medical
physicians participated in teleconsultation for over two hundred cases (Nicogossian and
Holloway,1991).
Since Spacebridge, more telemedicine projects have begun as a result o f
technological advances and lowered costs. Perhaps the two most representative are
Texas Tech University’s HealthNet and the Texas Telemedicine Project. This is not to
imply that the only state active in telemedicine is Texas. In feet, several states have
joined this medical effort. These include (but are not limited to) Florida, Georgia, Ohio,
Nevada, and Iowa.
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The Texas HealthNet Project began in January 1989. It was designed to deliver
health care services to the western two-fifths o f the state. Tech’s four Health Sciences
Centers in Lubbock, Amarillo, Odessa, and El Paso were linked to health care
professionals in thirty-seven rural communities. The project provides four services which
include clinical consultation, static video imaging that allows exchange o f high resolution
x-rays and color pathology images, continuing medical education programs, and medical
consultation by fax (Preston, 1993; Preston et al,1992).
The Texas Telemedicine Project (TTP) has the distinction o f not being
govemmentally funded like most other systems. It is funded by a non-profit organization
called Telemedical Interactive Consultative Services, Inc. TTP’s primary objective is
cooperation between national, state, and regional planners. This particular system
connects three sites in Austin to four institutions in Giddings (sixty-five miles away). The
specialty consultations include cardiology, neurology, pulmonology, and psychiatry to
name a few (Preston, 1993; Preston et al,1992).
This, o f course, is not a complete listing o f all telemedicine projects. Two other
examples include Tripler Army Medical Center and M/V Golden Alaska. Tripler Army
Medical Center on the island o f Oahu, Hawaii, provides consultations to Kwajalein Atoll
in the Republic o f the Marshall Islands (McGee, 1994). The M/V Golden Alaska is a
large fishing boat owned by Golden Alaska Seafood, which is equipped with a MedNet
system (using Navy, Coast Guard, and Maritime Health Services’ funds) to facilitate
offshore diagnosis o f illness or injury without requiring evacuation o f the patient
(Jams, 1994).
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FUTURE OF TELEMEDICINE
The above are current applications o f telemedicine. Several sources allude to
future applications o f the technology. N ot only will diagnoses be made remotely, but the
actual surgery may also take place from a distance. This is especially useful in a
battlefield situation. This remote surgery has been demonstrated at Fort Gordon,
Georgia, where a surgeon performed a teleoperation procedure on a pig one hundred
feet away with a nurse assisting on site following the instructions given by the surgeon
(Mathias, 1994).
Telemedicine has significant implications for the hospital o f the future. The
hospital has been described as becoming merely a data center with links to various other
data centers via computer. In the words o f one author, “the hospital (o f the future) is not
a place” (Bergman, 1993). Finally, future interplanetary missions will involve distances o f
several hundred million miles. Anticipating the need for medical care over such distances,
NASA has been involved in telemedicine efforts since the 1960s (Nicogossian and
Holloway, 1991). Due to the communication delay o f twenty or more minutes, only non
emergency medical consultations will be possible.
ECONOMICS
The cost o f the high-tech equipment involved in a telemedical system is o f
primary consequence. According to Schwartz et al (1985), health care costs nearly
doubled in the 1980s. Even though computers have been shown to decrease error and
improve the quality o f health care, they are expensive not only to purchase, but to
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maintain, operate, and staff. The consequences to the health provider as well as to the
patient o f incorporating this “new” technology are still unknown.
Preston (1993) offers an in-depth listing o f the basic costs o f developing a
telemedical diagnostic system. The first step is to employ the services o f a telemedicine
expert at $75 to $250 per hour. The purchase o f equipment is next and it varies. The
basic system consisting o f a CODEC (compression/decompression unit used to transform
the picture from a video camera to a digital signal), monitor, camera, and microphone is
$50,000 to $100,000 for a point to point system and an extra $50,000 per each
additional site on the network. It is sometimes possible to lease the equipment for a
certain percentage o f the total cost. The multiplexer (allows two or more signals to be
sent over the same path) and CSU/DSU converter (channel services unit/data services
unit) for video call-on-demand can be as much as $10,000, but for a dedicated line it’s
$2,500. Installation costs around $5,000 to $5,500 which often includes training. The
transmission charges vary according to state and distance. Preston (1993) found leasing
a dedicated line in Texas was between $1,750 to $2,500 per month regardless o f the
number o f phone calls. In comparison, a call-on-demand has a monthly fee o f $1,200 to
$1,400 in addition to a per use charge o f $.30 to $.75 per minute which is charged to the
site initiating the call (Preston, 1993). It is up to the health care provider to determine the
cost effectiveness o f such a system and this decision should be based on matters like
transportation savings, duplicate personnel savings, early detection and treatment
benefits, etc. It must also be noted that this is but one estimate o f the cost for a
telemedical system. Several other authors have also published appraisals o f the system.
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Wyman (1994) stated that the entire system would cost approximately $100,000 to
$130,000 plus lease costs o f the Ti line (bandwidth required to send signals at the fastest
speed possible o f 1.54 million bits per second) o f around $800 to $10,000 per month
though Wyman (1995) stated that a PC version is much cheaper ($3,500). These PC
versions, which often use a C programming language, some type o f window system like
the X Window System, and a GUI (graphical user interface), have advantages and
drawbacks which are beyond what is necessary to know to achieve an understanding o f
telemedicine (Heinila,1994). One would assume that with all the money involved in
setting up a telemedicine system, scientists and practitioners would be relatively sure o f
its practicality, benefits, and most o f all that it is actually safe and ethical for both the
patient as well as the physician. However, critical evaluation o f technology in medicine is
consistently lacking (Bogner,1994). Few telemedicine systems have published
evaluations o f their effectiveness (but see Logan Airport for a striking counter example).
Though there have been several instances in which patients were questioned concerning
their satisfaction with a system, there has been little if any research concerning legal and
ethical issues.
ETHICALZLEGAL CONCERNS
Today’s society is litigious and the potential for law suits is well known to the
health care community. Telemedical concepts are replete with ethical and legal issues.
Currently, there is no check system to ensure that users on the “expert” end o f the chain
have the proper ethical standards as well as adequate medical credentials. Preston (1993)
states that the attending physicians must be subjected to some standards, quality
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assurance methodology, and peer review as established by the Joint Commission on the
Accreditation o f Healthcare Organizations (JCAHO). Without this type o f checking
system, there will be no universally agreed upon credentialing standards and patients will
be unable to make informed decisions about their health care choices.
There is also the problem o f patient confidentiality. The private records, charts,
and video tapes o f the patient will become essentially public information unless steps are
taken to ensure their protection. N ot only must the primary care unit be responsible for
guarding these records, but they must place them in a “hacker-proof’ environment if the
records are to be stored in a data base. In addition, what is going to happen if a negative
label such as paranoid schizophrenic “appears” on a patient’s file? How does one keep
this information from frilling into the wrong hands (Preston, 1993; Sheridan and
Thompson 1994; Unknown, 1995)?
This leads to the topic o f liability. Once a telemedicine system is designed, who is
responsible for testing and certifying that system? Will liability rest in the hands o f the
certifier, software programmer, or the health care provider? What if the health care
provider uses a substandard system? What if the health care provider deviates slightly
from the therapy or diagnosis issued by the expert system (Sheridan and
Thompson, 1994)? While some o f these issues may be controlled simply by videotaping
the consultation, it is apparent that this is not an all encompassing solution
(Preston, 1993).
Currently there is no standard for physician licensing in the telemedical arena
(Unknown, 1995). According to Preston (1993), under Florida and Arizona law any
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physician providing care to those two states must be licensed in both the receiving and
sending states. This reciprocity agreement does not exist for all states. Prescriptions for
medication present another problem. At present, a pharmacist cannot fill a prescription
signed by a physician licensed in another state even if that pharmacist witnesses, via
video aid, the physician writing the prescription (Preston, 1993).
STATEMENT OF PROBLEM
After carefully reviewing the available literature in the field o f telemedicine,
several common elements emerged. First, providing care to rural communities is
mentioned in nearly every article (Wyman,1994; Wyman,1995; Yamamoto, 1995;
McGee, 1994; Allen, 1994; Rendleman,1994). Second, solving technical issues such as
image compression is discussed (Jarris,1994; Yamamoto, 1995; Preston,1993; K orsoff et
al,1995, etc.). Finally, providing patient satisfaction is highlighted (McGee, 1994;
Gardner et al,1994; Allen, 1994; Unknown, 1995, etc.). Not included in this mass o f
literature is any mention o f the cognitive workload involved in using a telemedical
system. For example, is there a problem o f physician “overload” with the manipulation o f
various types o f objects (files, x-rays, surgical instruments, etc.) when that manipulation
is expected to occur across different time zones or even across town? “Problem” in this
instance means, does performance from a distance suffer in any fashion as compared to
performing the task when the patient or object is physically present? As stated
previously, there is no literature available to support or refute any claims o f this nature.
It would appear to be a costly error to initiate such an expensive system as telemedicine
without proof o f its quality. It was the goal o f the present research to inspect several

11
hypotheses and to choose the most sensitive workload metric for evaluating the
telemedical arena. This was accomplished by executing the following experiment.
PRESENT STUDY
The effect o f telecommunication on perceived workload was examined by
varying the communication conditions which were labeled “colocated” (two subjects in
the same room together) and “telecommunication” (subjects in separate rooms
simulating telemedicine). The subjects were presented with tasks o f varying degrees o f
difficulty (very easy, easy, moderate, difficult) and asked to rate the difficulty o f thenexperiences in both communication conditions with all levels o f difficulty. Only if the
subjects rated their experiences as more difficult in the telecommunication condition
would this technology be viewed as producing potential problems due to increased
cognitive workload. Subjects with different spatial abilities might have had different
aptitudes for this task. To assess this question, as well as to control for a possible
uncontrolled source o f variance, spatial ability was assessed prior to assigning subjects to
a team.
Hypotheses are listed in Table 1 shown below. The present study simulates the
demands o f a telemedical procedure using a task (block assembly) known to impose
cognitive demands similar to those found in many medical procedures. It was not
possible to test physicians working with patients in this initial study due to obvious
ethical and logistical constraints. The goal o f the research was to assess the workload
imposed by the above conditions and to choose a workload metric sensitive to changes in
task difficulty.
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Future studies will extrapolate this research to specific medical procedures and
assess the workload imposed by telemedicine on the health practitioner using the
workload metric found in this study to be the most sensitive to changes in task difficulty
and possible telecommunication demands.
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TABLE 1: Hypotheses o f present study
MAIN EFFECTS: As TASK DIFFICULTY

increases from easy
to difficult...
As TASK DIFFICULTY
increases from easy
to difficult...
As TASK DIFFICULTY
increases from easy
to difficult...
MAIN EFFECTS: As SPATIAL ABILITY
increases from low
to high...
As SPATIAL ABILITY
increases from low
to high...
As SPATIAL ABILITY
increases from low
to high...
MAIN EFFECTS: As COMMUNICATION
CONDITION changes
from colocation to
telecommunication...
As COMMUNICATION
CONDITION changes
from colocation to
telecommunication...
As COMMUNICATION
CONDITION changes
from colocation to
telecommunication...
INTERACTION: The effects of TASK
DIFFICULTY on
ERRORS,
COMPLETION TIME, and
PERCEIVED WORKLOAD...
INTERACTION: The effects of TASK
DIFFICULTY on
PERCEIVED WORKLOAD..
INTERACTION: The effects of SPATIAL
ABILITY on
ERRORS,
COMPLETION TIME, and
PERCEIVED WORKLOAD...

ERRORS will increase

COMPLETION TIME will increase

PERCEIVED WORKLOAD will increase

ERRORS will decrease

COMPLETION TIME will decrease

PERCEIVED WORKLOAD will decrease

ERRORS will increase

COMPLETION TIME will increase

PERCEIVED WORKLOAD will increase

will be more pronounced (greater) in the
TELECOMMUNICATION CONDITION

will differ amongst the WORKLOAD METRICS
(i.e., differential sensitivity)
will be more pronounced (greater) in the
TELECOMMUNICATION CONDITION
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These hypotheses will be assessed by analyzing performance and the cognitive workload
imposed upon the participants by task difficulty and communication requirements.

COGNITIVE WORKLOAD
Cognitive workload greatly affects performance and operator satisfaction in
several types o f work environments even though it has not yet been measured within the
realm o f telemedicine. Consult Moray (1982) for an excellent review regarding these
phenomena.
DEFINITION
Among other difficulties in the field o f telemedicine (patient satisfaction, trust,
cost, etc.), is the issue o f how to measure the mental workload imposed on the
operator(s) by such a system. According to Reid and Nygren (1988), there is no agreed
upon definition o f the construct labeled as “mental workload”. Indeed the term itself is
intrinsically complex and multifaceted. Reid and Nygren conducted a literature review
from which three critical components o f workload were extracted. These include Time
Load- defined as time available and task overlap, Mental Effort Load- which includes
performing calculations, making decisions, attending to information sources, etc., and
finally, Psychological Stress Load- which refers to anything that contributes to an
operator’s confusion, frustration, and anxiety. These, however, are terms specific to the
development o f one specific workload metric (the SWAT, discussed later) and should be
used as a definition o f workload only in conjunction with that metric. A more general
definition was extracted from Jex (1988) and reads as follows: “Mental Workload is the
operator’s evaluation o f the attentional load margin (between their motivated capacity
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and the current task demands) while achieving adequate task performance in a mission
relevant context.”
MEASUREMENT TECHNIQUES
Lysaght et al (1989) describe two techniques for measuring cognitive workload.
The two techniques are Analytical and Empirical and they are further divided into
subcategories. Analytical techniques include such items as comparison, expert opinion,
math models, task analysis methods, and simulation models. Since analytical techniques
are most often used to estimate workload before the system is developed and telemedical
systems are currently in operation, they will not be discussed in this review. Empirical
techniques address primary tasks, secondary tasks, physiological measures, and
subjective methods. Each o f these shall be discussed in turn.
SELECTION CRITERIA
Since specific terminology is used in the next section to describe the selection
criteria for these techniques, it is important to define that terminology before progressing
to the description o f the techniques.
Reliability Any workload index should be reliable. In addition, if it is necessary
to track changes in workload over the course o f a task, the index must be able to give
“a reliable estimate o f workload rapidly enough so that transient changes may be
estimated” (Wickens,1992; Jex, 1988).
Sensitivity This criterion describes the capability o f a technique to discriminate
between significant variations in the workload imposed by a task (B off and
Lincoln,1988; Lysaght et al,1989; Wickens,1992). Eggemeier(1988) lists two variables
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that affect sensitivity. They are level o f capacity expenditure and the locus o f the
demands placed on the individual resources within the human processing system.
Diagnosticity This is the capability o f a technique to discriminate the amount o f
workload imposed on different operator resources in addition to revealing the overall
assessment o f operator workload (Bofif and Lincoln, 1988; Lysaght et al,1989;
Wickens,1992). According to Lysaght et al (1989), most workload measures are
inherently weak in diagnosticity. This situation may be corrected by adding other
measures to the data collection such as measures o f performance.
Intrusiveness or Obtrusiveness This is the tendency for a technique to cause
degradation in ongoing primary task performance (Boff and Lincoln, 1988;
Eggemeier,1988; Wickens,1992). An example o f intrusion would be the bulky wires and
equipment often associated with a physiological measure o f workload to be discussed
later. This intrusion can cause problems in interpreting workload and task performance
results (Eggemeier,1988).
Selectivity This reflects the ability o f the measure to be selectively sensitive only
to differences in capacity demand and not to changes in factors such as emotional state
or physical load which may be unrelated to mental workload or information processing
ability (Wickens,1992).
Implementation Requirements These are factors related to the ease o f
implementing a particular technique including any instrumentation or equipment
necessary to present information or record data and operator training (B off and
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Lincoln, 1988; Jex, 1988; Wierwille and Eggemeier,1993). If time and money are o f the
essence (as they so often are) this is a serious consideration.
Operator Acceptance This is the degree to which the operators are willing to
follow the instructions required in performing a given evaluation and their desire to use
that particular measure (Boff and Lincoln, 1988). If the operator has no desire to
cooperate, the best measures offered will be to no avail as they will not yield reliable
data.
With this knowledge it is now possible to progress to the empirical techniques
themselves.
EMPIRICAL TECHNIQUES
Empirical techniques include physiological measurement, primary task measures,
secondary task measures, and subjective measures. Each one will be described in the
subsequent paragraphs along with their advantages and disadvantages.
PHYSIOLOGICAL
Physiological measurements attempt to quantify the physical, chemical, or
electrical influences that workload has on the body (Schlegel, 1993). These may include
heart rate variability, brain activity, and eye activity (Jex, 1988; Wickens, 1992). Each
measure produces a reading o f some sort, whether it be an electroencephalogram or a
reading from a pupilometer. This reading gives some clue to the degree o f physiological
response experienced by the subject. There are several advantages and disadvantages to
using this type o f measure.
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Advantages
The physiological measures o f workload provide a continuous record o f the
operator’s physiological response to the demands o f the system (Wickens,1992). This
record permits the identification o f momentary peaks in workload that would not have
been caught without a continuous record. In addition to the continuous record, a
physiological measure may be unobtrusive to the primary task (Wickens,1992). Finally,
B off and Lincoln (1988) report that some physiological measures are diagnostic (e.g.,
event-related brain potentials), though some are not (e.g., pupil diameter).
Disadvantages
While there are distinct benefits to using a physiological measure, the
disadvantages appear to outweigh them. This would, however, depend on one’s
resources and goals. Schlegel (1993) and Wickens (1992) state that while this measure
may not directly interfere with the performance o f the primary task, it may interfere in
other ways. The use o f this measure often requires that electrodes be attached to the
scalp or some other restrictive measures be employed such as head restraint for pupil
measurement. This may influence the subject’s acceptance and mobility. For these same
reasons o f restriction and elaborate equipment, this is not a convenient measure to use in
a field environment (Jex, 1988). Another problem concerning equipment is the high cost.
Obtaining the services o f a trained technician could place a financial burden on the
experimenter. Jex (1988) has a list o f reasons that physiological measures are not the
most optimal and states that many researchers agree. The reasons he gives are the
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following: the measure could be sensitive to non-relevant variables, it is seldom reliable
or repeatable, and there are no clear norms. Also, Wickens (1992) states that the data
provided by a physiological measure must be used to infer when the performance breaks
down because it is not directly measured by assessing task performance or asking the
subject when s/he felt overloaded. Finally, B off and Lincoln (1988) report some
measures like pupil diameter are non-diagnostic because pupil diameter is affected by
general arousal which could include physical as well as mental effort.
PRIMARY TASK MEASURES
The next category o f empirical techniques is known as primary task measures.
These measures evaluate the mental workload requirements o f a task by directly
examining the performance o f the operator. It is assumed that as task difficulty increases,
additional resources will be required. As these requirements exceed the capacity o f
available resources, performance should deteriorate (Proctor and VanZandt,1994).
Advantages
Because the operator performs the task as part o f his/her duties, the task is not
intrusive nor does it require special training.
Disadvantages
Primary task measures are relatively insensitive to differences in mental workload
when total task demands do not exceed the operator’s resources. Primary task
performance may not vary (i.e., will be insensitive) under these circumstances because o f
the operator’s ability to expend extra resources to meet the increasing task demand
(Wierwille and Eggemeier,1993). This means the operator is maintaining adequate levels
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o f performance over all o f the levels o f workload. Primary task measures are also
relatively non-diagnostic o f the loads imposed on the different types o f operator
resources because they give only an overall workload evaluation measured as task
performance (Boff and Lincoln, 1988). Furthermore, primary task measures may differ
for reasons not related to workload such as data limits (Norman and Bobrow,1975).
Finally, although they are relatively nonintrusive, the sophisticated instrumentation that
may be required could make them difficult to implement (Proctor and VanZandt,1994;
Wickens,1992).
SECONDARY TASK MEASURES
Secondary task measures require the operator to perform a task in addition to the
primary task o f interest. Workload is assessed by the degree to which performance is
degraded in the dual-task condition as opposed to when each task is performed
separately (Proctor and VanZandt,1994) These measures account for the residual
resources or capacity not utilized in the primary task (Wickens,1992). As with
physiological measures, secondary task measures may take several forms. These
encompass methods such as simple reaction time, choice reaction time, tracking,
monitoring, memory, shadowing, rhythmic tapping, random number generation, etc.
(Boff and Lincoln,1988; Wickens,1992; Wierwille and Eggemeier,1993).
Advantages
Secondary task measures are generally more sensitive than primary task measures
to reserve capacities [although this is not the case in all circumstances (Wierwille and
Eggemeier,1993)]. Across several levels o f nonoverload situations the primary task can
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be performed efficiently. A secondary task measure can then assess differences in spare
capacity amongst the several load levels (Proctor and VanZandt,1994; B off and
Lincoln, 1988). Secondary task measures are also diagnostic because the secondary task
chosen will determine the resource drawn upon (Boff and Lincoln,1988; Proctor and
VanZandt,1994). They also have a high face validity. They are designed to predict the
amount o f residual attention that will be available in the event o f an emergency (Lysaght
et al, 1989; Wickens,1992). Finally, the same secondary task can be applied to two
different primary tasks and will give workload measures in the same units to facilitate
comparison (Wickens, 1992).
Disadvantages
According to Lysaght et al (1989) and Wickens (1992), all secondary tasks can
intrude upon the primary task thereby interrupting the performance o f the primary task.
This same intrusiveness can affect the operator’s lack o f acceptance for the measure
which could ultimately taint results. The use o f a secondary task measure requires some
training on the part o f the operator to stabilize performance (Boff and Lincoln, 1988).
The secondary task must require the same resources as the primary task, otherwise the
sensitivity o f the secondary measure will be reduced (Boff and Lincoln,1988; Wierwille
and Eggemeier,1993).
SUBJECTIVE MEASURES
The final category o f empirical techniques is subjective measures. The primary
purpose for the use o f a subjective measure is to gain access to the experiences o f the
operator. While physical workload may be observed, mental workload is an internal

22
experience and may only be indirectly inferred by observers. In using subjective methods,
the experimenter hopes to quantify the opinions and judgments o f the operator (Lysaght
et al,1989).
Advantages
There are several advantages to using this form o f measurement. O ’Donnell and
Eggemeier (1986) present a list o f valid reasons: (1.) easy implementation (little, if any,
equipment), (2.) relatively nonintrusive, (3.) inexpensive, (4.) face validity, (5.)
availability o f several good techniques, and (6.) sensitivity to variations in workload.
Reid and Nygren (1988) also report that subjective measures are somewhat more direct
than other measures. In the use o f physiological measures, the relationship between what
is observed and the degree o f workload must be inferred. For example, pupil dilation is
an often used physiological measure for assessing workload. However, the relationship
between pupil diameter and workload is not a direct one so inferring the effect o f high
and low workload on the pupil is necessary. Reid and Nygren also report that the ease
associated with obtaining subjective measures makes them very adaptable to an
operational environment. Wierwille and Eggemeier (1993) report that user acceptance o f
subjective reports is typically high and that these measures also provide the potential for
predictive assessment o f workload. Another benefit according to Wickens (1992) is that
these measures do not interfere with the primary task because they are given upon
completion o f the task. Finally, subjective measures are capable o f discriminating levels
o f workload in nonoverload situations and can assess reserve capacities not used in the
primary task (Boff and Lincoln, 1988).
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Disadvantages
One common criticism o f subjective measures is that they assume subjects can
make accurate equal-interval judgments on the workload scales (Reid and Nygren,1988).
In a related analysis, Wickens (1992) states that there is a question o f whether the
operator’s verbal statements truly reflects the availability o f or demand for processing
resources. Also similar to the above two critiques, operators may confuse perceived
difficulty with perceived expenditure o f effort (Proctor and VanZandt,1994). Proctor and
VanZandt also state that many factors that determine workload are inaccessible to
conscious evaluation. Finally, B off and Lincoln (1988) report that some subjective
measures are nondiagnostic. The rating scales which do not employ subscales represent a
global measure only. However, Wierwille and Eggemeier (1993) assert that
multidimensional techniques (e.g., SWAT and TLX) can provide some diagnostic
information on the sources o f workload represented by their subscales.
Based on the above findings (time, effort, cost, operator acceptance, etc.), it is
possible to choose a category o f workload measurement techniques that will best reflect
the workload induced in this telemedical simulation. In doing so, it will also become
necessary to choose the specific metrics that will be employed.
WORKLOAD MEASUREMENT TECHNIQUE SELECTION
The technique chosen for this study is subjective measures. As stated previously,
one ultimate goal o f the present research is to select a workload evaluation technique for
application in the field o f telemedical systems. Currently, there is no research that
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describes the workload involved in telemedical situations. It is essential that the chosen
technique meet the criteria o f ease o f implementation in a field environment, low cost,
ease o f training, and sensitivity. As demonstrated by the literature review, subjective
measures possess all o f these qualities.
The metrics in the present research are the Modified Cooper Harper (MCH), the
Subjective Workload Assessment Technique (SWAT), and the National Aeronautics and
Space Administration Task Load Index (NASA-TLX). Each metric has been
demonstrated to be a valid assessor o f workload variation. In addition, Wierwille and
Eggemeier (1993) state that the pattern o f results that has emerged from several
evaluations indicates that these three procedures represent globally sensitive measures o f
operator workload. The purpose o f the present research is to determine the comparative
sensitivity o f the three workload metrics in assessing any impact o f telecommunication
on workload across several levels o f task difficulty. Note that all chosen metrics, their
data collection forms, and instructions are included in Appendix A.
MODIFIED COOPER HARPER (MCH)
The MCH is based upon the original version o f the Cooper Harper, which has
been extensively used for evaluations o f aircraft handling and control qualities and their
associated mental workload. These tasks are primarily motor or psychomotor (Wierwille
and Casali,1983; Lysaght et al,1989). The MCH scale was developed by Wierwille and
Casali for the purpose o f assessing workload in systems other than those in which the
operator performs motor tasks. Such situations include those in which perceptual,
mediational, and communication activities are present (Wierwille and Casali, 1983). The
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MCH employs the use o f a decision tree that must be traversed by the subject to arrive at
a rating o f the system which is given as a number on a ten point scale (1 = low workload,
10 = high workload)(Boff and Lincoln, 1988; Lysaght et al,1989). In several experiments
the MCH has been found to be sensitive to perceptual load and to exhibit monotonic
increases with mediational load (Casali and Wierwille,1982; Casali,1982; Casali and
Wierwille,1983).
SUBJECTIVE WORKLOAD ASSESSMENT TECHNIQUE (SWAT)
The SWAT was developed by the U.S. Air Force Armstrong Aeromedical
Research Laboratory at Wright-Patterson Air Force Base. The SWAT is usually given in
two distinct steps: card sort and event scoring. In the card sort, subjects are asked to
place in order twenty-seven cards containing all possible combinations o f the three levels
o f each o f the three SWAT dimensions or subscales. These three subscales are time load,
mental effort, and psychological stress. The cards are sorted by the rank order that
reflects the subject’s perception o f increasing workload (Lysaght et al,1989). However,
because o f results reported by Biers and McInerney, card sort will not be used in the
present experiment. These authors found that completing the card sort did not affect the
task ratings on the three above mentioned dimensions o f the SWAT nor did it affect the
relative sensitivity o f these dimensions. The SWAT was found to be equally effective
with or without the use o f card sort (Biers and McInerney, 1988). The second phase o f
SWAT which will be employed is the event scoring. This is the actual rating o f workload
for a given task reported as a number between one (low workload)and three (high
workload) on each o f the three subscales. Lysaght et al (1989) report that numerous
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empirical tests o f SWAT have shown it to be sensitive to differences in task demands.
Finally, in a study by Warr, Colie, and Reid (1986) which compared both SWAT and
MCH, it was discovered that there were no differences between the two techniques’
sensitivity. Both scales varied equally and significantly as a function o f task difficulty
manipulations i.e., when the task was difficult, both metrics’ values increased
accordingly.
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
TASK LOAD INDEX (NASA-TLX)
The NASA-TLX was derived from the NASA-Bipolar scales, but is a shorter,
more refined version. The TLX uses six subscales o f measurement requiring the
operators to assign a rating o f low to high on each o f the subscales (Moroney,Biers,and
Eggemeier, 1995). There is also a “weighting” phase in the TLX in which the
participants are asked to pick which subscale most affects their workload ratings.
According to the order in which the subject places the six scales, weights are assigned to
the scales by the experimenter. This phase, however, will be omitted and an average will
be taken across all dimension
scores given by the subject because Moroney, Biers, and Eggemeier (1995) reported that
weighted and unweighted TLX scores were highly correlated (r = .94). The first three
dimensions o f the TLX are considered characteristics o f the task: mental demand,
physical demand, and temporal demand. The next two dimensions are considered to be
behavioral characteristics: performance and effort. The final dimension is related to the
operator’s individual characteristics: frustration. Lysaght et al (1989) reports that the
NASA scales have had high correlations with other subjective measures. Hill, Iavecchia,
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Byers, Bittner, Zaklad (1992), compared four workload metrics along four dimensions.
The four metrics were the three listed here plus the Overall Workload Scale (OW). The
four dimensions were sensitivity, operator acceptance, resource requirements, and
special procedures. Their results indicated that all four metrics are acceptable tools and
are sensitive to changing levels o f task difficulty. However, TLX and OW were
consistently superior when considering sensitivity as measured by factor validity and
operator acceptance. However, for purposes o f the present study, OW will be eliminated
because o f its lack o f subscales or a decision tree. This makes the OW less likely to be
diagnostic. Nygren (1991) reports in a comparison o f SWAT and TLX that neither
technique was generally preferable to the other. SWAT was viewed as having the highest
potential for identification o f factors affecting workload judgments (individual
differences) and TLX was viewed as appropriate for problems in applied settings and
possibly more sensitive than SWAT at low levels o f workload. However there is still
some question about the circumstances under which each measure will be most sensitive.
It is important to note that since each metric is measured on a different scale
(MCH ranges from 1-10, each SWAT subscale ranges from 1-3, and each TLX subscale
ranges from 0-90), all must be converted to some common scale to permit comparisons.
The conversion equations may be found in Appendix A. It is also important to note that
the TLX is supposed to range from 0-100, but due to an undetected error in the scales in
the TLX administration handbook which mistakenly left out two “tick marks” on all six
dimensions leaving only nineteen instead o f the required twenty-one, the conversion to a
100 point scale became necessary.

CHAPTER II

METHODS

The methods chapter is divided into three sections: Cognitive Lateral Battery,
Pattern Difficulty Assessment, and Telemedical Simulation because prior to the actual
experiment (the third section) in which the experimenter conducted the telemedicine
simulation evaluation, two other tasks had to be completed. The first task was the
Cognitive Lateral Battery. All subjects completed this battery to assess their spatial
ability. To the extent that spatial ability affected performance or subjective workload,
unassessed spatial ability would inflated the unexplained variance and decreased the
power o f the analyses in the telemedical simulation. The second task was the assessment
by pilot subjects o f a set o f fifty-six block patterns drawn by the experimenter. This
assessment involved magnitude estimations and rank ordering o f the patterns so that they
could be placed into four levels o f difficulty for use in the simulation. Each o f these tasks
will be described in detail in the subsequent paragraphs. The telemedical simulation is the
third and final task and is the focus o f this thesis (see Figure 1).

29

FIGURE 1: Flow of present study

COGNITIVE LATERAL BATTERY (CLB)
The CLB (revised edition 1987) designed by Harold W. Gordon, Ph.D. at the
Western Psychiatric Institute and Clinic, University o f Pittsburgh School o f Medicine
was used for this step. (There are also tests in the CLB to assess verbosequential
abilities; however, these tests were not used in this experiment as they did not pertain to
the question at hand. See Chapter 4 for further elaboration.) This test was selected
because it had been validated by the developer and norms were available for several
populations including a normal adult population. It also provided the advantage o f
measuring several dimensions o f spatial ability such as orienting abilities, mental rotation
abilities, etc. described in further detail in subsequent paragraphs (i.e., it was a
multidimensional scale).
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SUBJECTS
Fifty subjects participated in the CLB (thirty-nine females and eleven males) as a
requirement for one o f their psychology courses at the University o f Dayton. Each
received one credit towards this course requirement for participating. The duration o f the
test was approximately forty minutes including consent and debriefing (Appendix B).
EQUIPMENT
Several pieces o f equipment were used for the CLB. A Kodak Carousel 5400
slide projector and a model number 3-5622A General Electric tape recorder/player were
used for the spatial ability exercise. The slides provided in the CLB kit were shown on a
white screen while the tape player progressed through the various levels o f instruction in
concordance with the slide shown (tape also provided in the CLB). An answer key was
also provided with the CLB to assess performance on the test. All answers were marked
on answer sheets provided as supplements to the CLB (Appendix B).
PROCEDURE
The CLB included four tests and lasted approximately forty minutes including
consent and debriefing (Appendix B). Subjects signed consent forms and were led to a
room with a slide projector and tape recorder/player. Five sessions were conducted to
administer the CLB with ten subjects per session. The subjects were seated at desks,
handed an answer booklet obtained by making copies o f answer sheets provided in the
CLB (Appendix B), and a pencil if needed. The tests were presented in the order dictated
by the instructions in the CLB. The order was Localization, Orientation, Form
Completion, and Touching Blocks. The first frame o f localization (a practice frame) was
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shown to the subjects and the experimenter made sure that all participants could see the
slide before proceeding. The corresponding tape was started and testing began.
The first test, localization, lasted 7:10 min. The subjects were required to observe
the location o f an X on a slide and then place an X in the corresponding location on a
frame on their answer sheets. There were twenty-four localization tasks plus three
examples and three seconds were allowed for each frame as timed by the tone presented
on the tape. The tape was stopped at the end o f the test so the subjects could prepare for
the orientation test.
The second test, orientation, lasted 8:15 min. The stimuli consisted o f slides
showing drawings o f three 3D geometric figures. The subject’s task was to determine
through mental rotation, which two figures were the same. When they knew the answer,
they were to circle the numbers o f the two like figures. There were twenty-four
orientation tasks plus one example and fifteen seconds was allowed to observe each
group o f three figures. The tape was stopped at the end o f the test and ejected. The form
completion tape was inserted while subjects prepared for the third test.
The third test, form completion, lasted 7:40 min. The subjects were required to
view a drawing with parts o f the figure erased so that only fragments could be seen. The
subjects had to write the name o f the figure in the space provided on the answer sheet.
There were six figures per group and four groups plus three examples. Subjects were not
graded for spelling. There were forty-five seconds allowed for each group. The tape was
stopped at the end o f the test to allow subjects to prepare for the final test.
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The final test, touching blocks, lasted 8:30 min. The subjects were required to
view a stack o f blocks, some with numbers. They were then asked to count the number
o f blocks touching any given numbered block and to do this for all numbered blocks.
They would then record the counted numbers in the spaces provided. There were six
stacks o f blocks plus five examples and forty-five seconds were allowed for each stack.
(Instructions for the subjects, which were read to them by the tape, are shown in
Appendix B and are directly quoted from the CLB manual. These instructions also clued
the experimenter about what s/he was required to do during the playing o f the tape. For
further procedural details and grading sheets, consult the CLB manual.)
At the end o f each completion time period, subjects were asked to put their
pencils down and the answer sheets were collected by the experimenter. After
completing all four tests the participants were debriefed and told they would be
contacted (if they qualified) for the telemedical simulation to be held at a later date.
The experimenter then scored all tests from all sessions and divided them into
two groups according to a median split. The scores ranged from -55.5 to +20 with the
median occurring at -13.5. Therefore, all subjects scoring at or above -13.5 (-13.5 to
+20) were placed in the high spatial ability group and those scoring below -13.5 (-14.5
to -55.5) were placed in the low spatial ability group. These people were then later
designated as instructors or builders for the simulation phase. One person was dropped
from the scoring procedure for cheating. Four independent t-tests were performed
comparing the means o f this experiment’s participants with normative data from the
adult population norms found in the CLB. It was found that for all four tests the
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participants in this experiment obtained significantly higher mean scores than those found
in the normative data. Subjects were given one credit for participation in the CLB.

PATTERN DIFFICULTY ASSESSMENT
SUBJECTS
All subjects (two males and six females) were University o f Dayton Masters
degree students.
EQUIPMENT
Very little equipment was required for this phase o f the study. The stimulus
materials used by the subjects were fifty-six block designs drawn by the experimenter.
The experimenter recorded their magnitude estimations and their rank ordering on forms
that may be found in Appendix C.
STIMULI
The experiment (see simulation phase) required the development o f a large
number o f block patterns representing several levels o f difficulty. Development o f these
stimuli began with nine patterns obtained from the WAIS-R testing kit (only five o f these
patterns were actually used in their original form). An attempt was made by the
experimenter and the thesis chair to obtain normative data that would support the
WAIS-R claim that the patterns were indeed o f increasing difficulty as reported on page
24 o f the instruction manual (Wechsler,1981). These efforts were to no avail due to
WAIS-R Legal Affairs Department personnel’s inability to cooperate (see attached letter
in Appendix C). Therefore, to continue the study, the experimenter assumed the order
presented by WAIS-R was ordinal (from easy to difficult) and that this order was
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accurate though it was not known how many levels o f difficulty were represented by this
ordering.
To achieve the desired power and to have enough patterns to progress through
each workload assessment technique presented in the telemedical simulation, more
patterns had to be created. Using five o f the nine original patterns provided by WAIS-R
chosen at random, performing several manipulations on all nine originals and designing
completely new patterns, the experimenter arrived at an additional fifty-one patterns to
make a total o f fifty-six block patterns. These manipulations included reversing the color
o f a WAIS-R pattern and rotating any given WAIS-R design 90-180 degrees (the
rotation o f a design by 30 degrees or more is considered to be a different design
according to the WAIS-R manual page 73). See Appendix C for reproductions o f all
fifty-six patterns.
PROCEDURE
The difficulty o f each pattern was evaluated by obtaining magnitude estimations
and a rank ordering from all subjects. The experimenter separated the four-block
patterns from the nine-block patterns for two reasons. The first reason was to facilitate
quicker turn-around on the ordering task. The second reason was because the WAIS-R
manual reported that all four-block patterns are easier than all nine-block patterns. The
subjects were first asked to view the stack o f twenty-seven cards depicting four-block
patterns. After the subject had a chance to view each o f the cards, the experimenter took
the cards and holding them up one at a time to the subject, asked the subject to give an
estimation o f the magnitude o f difficulty o f the design as a number between one and fifty
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(fifty being the most difficult). The number was then recorded by the experimenter along
with the card number. After progressing through all o f the four-block patterns, the
experimenter handed the cards to the subject and asked him/her to place the cards in
order from easiest to most difficult. The order was recorded by the experimenter (data
collection forms Appendix C). This process was then repeated for the nine-block
patterns. The only difference is that the subjects were asked to give an estimation
between fifty-one and one hundred with one hundred being the most difficult (specific
instructions in Appendix C).
Inter-rater reliability was assessed for the magnitude estimations using
Cronbach’s Alpha which yielded a value o f .8751. The patterns were then sorted
according to their average magnitude and divided into four groups representing the four
levels o f difficulty to be used in the telemedical simulation: very easy, easy, moderate,
and difficult. Those patterns lying closest to the border between their own group and the
next group were extracted and used as practice patterns in the simulation phase. For
example, when the patterns were divided into four equal groups, there were two patterns
in the very easy group with magnitudes o f 19 and 19.13 respectively and one pattern in
the easy group with a magnitude o f 19.5 so these patterns were extracted and used for
practice. This served to widen the gap between difficulty levels. In this manner, a total o f
eight practice patterns were extracted leaving forty-eight for the actual experiment.
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TELEMEDICAL SIMULATION
SUBJECTS
Forty-six subjects who had participated in the CLB also participated in the
simulation. They were paired as two person teams. Four CLB participants either could
not be scheduled (2), had been excluded for cheating (1), or did not wish to participate
(1). Each participant was paid 15 dollars and the two teams with the best performance
(based on accuracy and speed) were awarded an additional 25 dollars as a motivational
tool. While gender was not a controlled variable, there were thirty-five females and
eleven males. The team members were paired based on scores achieved on the spatial
abilities test (The Cognitive Lateral Battery) as described in the preceding section to
create teams o f varying ability. Six teams consisted o f an instructor with high spatial
ability and a builder with low spatial ability. Six teams consisted o f both instructor and
builder with high spatial ability. Six teams consisted o f both instructor and builder with
low spatial ability. Five teams consisted o f an instructor with low spatial ability and a
builder with high spatial ability.
STIMULI
The stimulus materials were the patterns discussed in the section Pattern
Difficulty Assessment. These patterns were built with blocks taken from the WAIS-R
testing kit. There were nine blocks total and each block had two red sides, two white
sides, and two sides split diagonally in half so that one half was red and the other was
white.
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EQUIPMENT
Equipment was placed in two rooms. In Room #1, the Instructor Room, a 19
inch Zenith color television monitor was placed on a table where the subject(s) were
eventually seated. In addition, a TRC-512, 49 MHz FM Radio Shack walkie-talkie was
placed nearby for purposes o f communication in the telecommunication condition to be
described later (see Figure 2). Also placed in this room were the forms for the three
workload metrics along with their respective instructions and an assortment o f writing
utensils. In Room #2, the Builder Room, directly across the hall, was a Panasonic VHS
AG 160 Proline camcorder and AC adapter mounted with a RST-84V Radio Shack
tripod and an additional walkie-talkie (same brand name and model as in the Instructor
Room) for communication in the telecommunication condition. A 25 foot coaxial cable
was stretched across the hall to connect the monitor to the camcorder (see Figure 2).
The monitor, camera, and walkie-talkies were not used for the colocated condition
because both o f the subjects were located in one room where standard modes o f
communication were used.
There were two copies each o f the three workload metrics and their instructions,
writing utensils, and the forms to be filled out by the experimenter. These forms included
two time recording sheets (one for each communication condition), one error sheet for
drawing construction errors, and two random orders (one for each communication
condition) for presentation o f difficulty and workload metric. There were also two each
o f informed consent and debriefing forms.
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FIGURE 2: Instructor Room and Builder Room respectively

Door
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DESIGN
This experiment tested five independent variables: communication condition
(telecommunication, colocation), workload metric (SWAT, NASA-TLX, Modified
Cooper Harper), and pattern difficulty (very easy, easy, moderate, hard) were all
repeated measures factors; and instructor spatial ability (high, low) and builder spatial
ability (high, low) were between subjects factors. This yielded a mixed factor design
(Table 2). Each team participated in a total o f forty-eight trials. The order o f
communication condition was counterbalanced, while within each communication level
the order o f workload metric and pattern difficulty was randomized. Two patterns o f the
same difficulty were completed per each workload metric. The four dependent variables
were completion time (seconds), errors, instructor workload, and builder workload
(collectively ‘perceived workload’).
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Table 2: Telemedical Simulation Variable List
VARIABLE
INDEPENDENT VARIABLES
Communication Condition
Workload Metric
Block Difficult
Instructor Spatial Ability
Builder Spatial Ability
DEPENDENT VARIABLES
Completion Time
Errors
Instructor Workload Rating
Builder Workload Rating

LEVELS

2:
3:
4:
2:
2:

Telecommunication Colocation
(within)
SWAT, NASA-TLX, MCH
(within)
Very Easy, Easy, Moderate, Difficult (within)
High, Low
(between)
High, Low
(between)
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RANDOMIZATION
The four levels o f pattern difficulty (very easy, easy, moderate, difficult) and
three levels o f workload metric (SWAT, NASA-TLX, MCH) produce twelve possible
combinations. For each team two separate random orders were produced. One order was
used for the colocated condition and one for the telecommunication condition. The
random orders were selected by combining in every possible manner difficulty with
metric and writing each pair on a separate note card. This yielded twelve cards. The
method called sampling without replacement was used. The cards were drawn one at a
time and written on a piece o f paper with the restriction that no repeats o f either
difficulty or metric were permitted to occur in sequence. For example, if the card “very
easy, TLX” was drawn, the next card to be used could have neither -“very easy” nor
“TLX”- written on it (such as “difficult, TLX” or “very easy, SWAT”).
PROCEDURE
Telemedicine Simulation: The participants were taken in pairs to the Instructor
Room and asked to read and sign their consent forms. Once they were finished, they
were asked to read the instructions for all three workload metrics. The experimenter then
reexplained these metrics and their applications to the subjects. The subjects were then
told about the task they would be asked to perform. The “instructor” in each team was
the person who had possession o f the block patterns throughout the duration o f the
experiment. S/he was the only person on the team permitted to see these drawings and it
was his/her job to describe these patterns in such a manner as to permit the other team
member to build the pattern with a set o f WAIS-R blocks. The “builder” in this study
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was the person in possession o f the WAIS-R blocks with which to construct the patterns
described by the instructor. The spatial ability o f the team was controlled as described
under “subjects” in this section. Their goal was to build these patterns as quickly as
possible without errors.
*
Before data collection began, each team was permitted eight practice trials in
which they became familiar with one another’s terminology and typical strategies. In the
telecommunication condition, the instructor sat in the room with the television
(Instructor Room) and the builder in the room with the camcorder (Builder Room). The
person in the Instructor Room had a stack o f twenty-four patterns in front o f him /her.
This person’s task was to describe to the person in the Builder Room how to build a
given pattern. The person in the Builder Room had the blocks physically in front o f him
/her and this person’s task was to build what was described to him/her by the person in
the Instructor Room. Upon building two patterns o f one level o f difficulty, both parties
were asked to fill out a particular workload rating as designated by the random order for
that team and communication condition. The subjects then progressed to a different level
o f difficulty, assembled two more patterns, completed a different workload rating and so
on until six patterns o f each level o f difficulty were assembled and each level o f difficulty
had received all three different workload assessments. There were twenty-four total trials
per team per one communication condition. In the colocated condition the two parties
were assembled in one room to perform the same tasks described above on a different set
o f twenty-four patterns with a different random order o f the repeated measures factors.
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Time to completion, errors, and a picture o f incorrect designs were collected by the
experimenter (specific instructions and forms are located in Appendix D).
As a final note concerning errors, an error is any deviation from the original
pattern as it appears on the card in the instructor’s possession. This would include an
improperly positioned block(s) or the wrong color o f block(s).
The NASA-TLX was administered in the pencil and paper form with the
standard set o f instructions accompanying the manual. As stated previously, only the
rating scales were given to the participants and not the sources o f workload evaluation
(assigning o f weights). These instructions may be found in Appendix A. In addition to
reading the instructions prior to the onset o f the experiment, they were posted in both
the Instructor Room and the Builder Room so that a subject could refer back to them
when needed.
The Modified Cooper-Harper was used in its standard form and instructions for
its use were posted as a reminder to the subjects (Appendix A).
The SWAT also generally appears in two stages, however, participants
completed only the event scoring and not the card sort. As with the other metrics used in
this study, the instructions for the SWAT were posted for the subjects’ viewing
(Appendix A).
DEPENDENT VARIABLES
The performance measures for this experiment were completion time, errors,
instructor workload, and builder workload. The datum o f analysis o f time was the
average o f two trials within a block (there were twelve blocks per communication
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condition). Similarly, the datum o f analysis o f perceived workload was the recorded
number (converted) for MCH, the average o f the three dimensions (converted) for
SWAT, and the average o f the six dimensions (converted) for TLX. The datum o f
analysis o f errors was simply the sum o f the errors occurring in a block. In addition to
these variables, a small set o f “debriefing questions” was submitted verbally to each
participant after placing them in separate rooms. These questions are discussed in
Chapter Four.

CHAPTER III

RESULTS

Several analyses were conducted to determine the significance o f the effects
hypothesized in the Introduction. An overview o f all analyses is presented in the next
section and then the results o f each analysis are described in detail in the following
sections: Rater, Time, Instructor Workload, and Builder Workload.
Overview o f Analysis Strategy: The effects o f five different independent variables
(communication, difficulty, workload metric, instructor spatial ability, and builder spatial
ability) on four dependent variables were studied. The dependent variables were errors,
time, instructor workload assessment, and builder workload assessment. Each team
completed two patterns for each datum analyzed, thus the single workload measure
obtained after completing two patterns o f equal difficulty and mean times to complete
the two patterns were the data used in the analyses.
Separate univariate analyses were conducted for each dependent variable except
for errors. Errors occurred too infrequently to conduct an ANOVA and since there were
repeated measures, the use o f Chi Square or similar tests would have been inappropriate.
Therefore, to observe possible trends in the descriptive error data, Table 3 provides a
listing o f errors in each condition based on twenty-four patterns by two communication
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conditions by twenty-three teams. Each cell represents the total number o f errors for all
twenty-three teams in a given condition (e.g., there were a total o f three errors made by
the teams in the telecommunication condition building very easy patterns, the maximum
possible errors per cell was 138).
An initial ANOVA including rater as a variable was conducted on both instructor
and builder workload to determine if the team member giving the assessment o f
workload was significant. (I.e. Does it matter if the builder or the instructor gives the
rating or do they each evaluate the task similarly?). Finally, analyses o f simple effects
(and simple comparisons where appropriate) were conducted for all significant main
effects and interactions without corrections for familywise error as suggested in Keppel
(1991).

TABLE 3: Number of errors for communication levels by difficulty levels

T elecommun ication
Colocation
Total

Very Easy

Easy

Moderate

Difficult

Total

3
1
4

4
5
9

6
5
11

11
6
17

24
17
41

Rater: This analysis was conducted to determine whether the team member’s role
(instructor or builder) made a significant difference in their workload rating. The mean
workload rating given by instructors (collapsed across workload metric, communication
level, pattern difficulty, and spatial ability) was 28.45. The mean workload rating given
by builders was 20.09. This difference was found to be non-significant (Fi/i9= 4.16, p=
.055). More importantly, there were no significant interactions involving rater.
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Therefore, it was possible to run separate analyses in which instructor workload and
builder workload could be treated as separate dependent variables.

Time-. The design analyzed for this dependent variable, as well as for all others in
this study, was a 4 (pattern difficulty) X 3 (workload metric) X 2 (communication level)
X 2 (instructor spatial ability) X 2 (builder spatial ability). For time, the workload metric
used to evaluate perceived workload was irrelevant to the analysis because subjects did
not know what metric would follow their completion o f any block o f two trials.
Therefore, workload metric formed a “dummy” variable o f three replications.

There were three hypotheses concerning completion time proposed by this thesis.
They were the following: Completion time may increase when moving from the
colocated condition to the telecommunication condition; completion time will increase as
task difficulty increases from very easy to difficult; completion time may be greater for
subjects with low spatial ability than for subjects with high spatial ability (see Table 1 for
a listing o f all hypotheses). All F Tables can be found in Appendix E.

The ANOVA showed no significant main effect o f communication level on
completion time (Fi/i9= .79, p= .386). There was a .62 second increase in mean
completion time as a result o f moving from the colocated to telecommunication
condition, but this increase represents only a 4.4% change as a result o f
telecommunication (Table 4). The predicted effect o f pattern difficulty was found. As
difficulty increased, completion time increased (F3/57= 191.36, p= .000). Analysis o f
simple effects on difficulty found that all four levels o f difficulty yielded significantly
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different completion times with very easy patterns having the shortest times followed by
easy then moderate and difficult patterns with the longest completion times
(VE<E<M<D) (Table 4). Finally, neither instructor nor builder spatial ability was a
significant factor in determining completion time (F1/19 = .97, p= .337) and (F1/19 = 2.70,
p = . 117) respectively. There were no other significant main effects or interactions for
time.

Table 4: Means (standard deviations) for time at each difficulty level

Time for entire population
Very Easy
Easy
Moderate
Difficult

Telecommunication
Mean

Colocation
Mean

Mean
Total

14.6 (7.4)
7.7 (2.3)
11.0 (6.7)
18.6 (4.7)
21.0 (5.5)

14.0 (8.6)
7.1 (3.2)
9.4 (3.8)
18.5 (7.4)
20.9 (8.9)

14.3 (8.0)
7.4 (2.8)
10.2 (5.5)
18.5 (6.2)
21.0 (7.4)

Instructor Workload1. As stated in the introduction o f this paper, the SWAT and
NASA-TLX were used as an average across their respective dimensions and then the
SWAT, NASA-TLX, and MCH were converted to a one-hundred point scale to have
comparable ranges. It was hypothesized that as communication level changed from
colocated to telecommunication and as task difficulty increased from very easy to
difficult, perceived workload would increase and as spatial ability increased from low to
high, perceived workload would decrease. Means are listed in Table 5.
The ANOVA revealed there was no significant main effect o f communication on
instructor workload (Fi/i9=.O6, p= .810). There was an increase in instructor perceived
workload o f .31 points as a result o f going from the colocated condition to the
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telecommunication condition, however, this change represents only a 1.1% increase in
perceived workload (Table 5). As predicted, there was a significant main effect o f
difficulty (F3« t= 18.70, p= .000) for instructor workload. Each level o f pattern difficulty
resulted in significantly different mean rated workload. Very easy patterns yielded the
lowest instructor workload ratings, easy was next highest, moderate was third highest,
and difficult yielded the highest ratings (VE<E<M<D) (Table 6).
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Table 5: Means (standard deviations) for two Dependent Variables across three
Independent Variables

Entire Population
T eleconununication
MCH
Very Easy
Easy
Moderate
Difficult
SWAT
Very Easy
Easy
Moderate
Difficult
TLX
Very Easy
Easy
Moderate
Difficult
Colocation
MCH
Very Easy
Easy
Moderate
Difficult
SWAT
Very Easy
Easy
Moderate
Difficult
TLX
Very Easy
Easy
Moderate
Difficult

Mean
INSTRUCTOR
W ORKLOAD

Mean
BUILDER
W ORKLOAD

28.4 (21.8)
28.6 (21.9)
18.8(15.3)
11.6(15.2)
15.0(15.2)
22.7 (9.8)
26.1 (16.3)

20.1 (17.8)
20.5(18.4)
12.0(11.2)
6.8 (8.7)
7.7 (8.5)
16.9(11.0)
16.4(12.5)

36.4
23.2
35.5
40.6
46.4

(26.9)
(26.0)
(27.7)
(25.0)
(25.1)

24.5 (23.6)
21.7(24.8)
24.6 (24.0)
29.0 (23.7)
22.5 (22.8)

30.5 (18.0)
28.2 (19.6)
28.1 (18.1)
32.7(16.8)
33.1 (17.9)

25.1 (15.1)
22.5 (15.4)
24.0 (16.9)
26.7 (14.7)
27.4(13.8)

28.3 (21.7)
17.8(14.8)
12.6(15.1)
18.8(17.2)
17.4(10.5)
22.2(15.0)

19.7(17.1)
12.7(12.2)
6.8 (7.3)
11.6(11.3)
16.9(14.6)
15.5(12.4)

36.4
27.5
32.6
39.1
46.4

(24.9)
(24.9)
(26.3)
(19.9)
(25.6)

22.5(21.2)
18.1 (18.7)
15.9(18.5)
22.5 (21.7)
33.3 (22.5)

30.7(19.8)
27.2 (21.1)
27.6(19.1)
32.7 (20.5)
35.4(18.7)

23.9(14.7)
20.1 (15.1)
22.2 (13.7)
27.9(14.7)
25.2 (14.9)
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Table 6: Means and standard deviations for main effect o f difficulty on instructor
workload ratings
Instructor workload for entire population
Very Easy
Easy
Moderate
Difficult

Mean

Standard Deviation

27.9155
21.2303
25.7901
30.3014
34.3400

21.4386
21.1058
21.7013
19.1640
21.6329

The effect o f instructor spatial ability on perceived workload was not significant
(Fi/19 = 1.13,p = .302). There was a significant main effect o f workload metric (F2/38—
25.65, p= .000) with all three metrics resulting in significantly different means. Modified
Cooper Harper gave the lowest mean ratings, intermediate was NASA-TLX, and highest
was SWAT (MCH<TLX<SWAT) (Table 7).

Table 7: Means and standard deviations for main effect o f metric on instructor
workload ratings
Instructor workload for entire population
Modified Cooper Harper
SWAT
NASA-TLX

Mean

Standard Deviation

27.9155
18.2953
36.4155
29.0357

21.4386
15.0102
25.8943
17.9187

Finally, there was a significant interaction o f Difficulty by Metric (F6/n4= 2.52, p=
.025) (Figure 3). The simple effects analysis o f pattern difficulty at each workload metric
showed that difficulty was significant at each metric. Because the effect o f the analysis o f
simple comparisons on difficulty for the MCH becomes lost when placed in narrative
form, a table is provided listing all simple comparisons (Table 8). The data showed that
for the MCH, very easy patterns received lower instructor workload ratings than either

52
moderate or difficult patterns (VE<M=D) and easy patterns received lower instructor
workload ratings than difficult patterns (E<D). All other comparisons were non
significant.

Figure 3: Difficulty by Metric interaction on instructor workload

Pattern Difficulty

Table 8: Simple comparisons on difficulty levels for MCH on instructor workload
* DENOTES SIGNIFICANCE

VERY EASY
VERY EASY
EASY
MODERATE
DIFFICULT

EASY
Fi/i9= 3.61,
p = .073

Fi/i9= 3.61,
p = .073
Fi/i9=7.38*
F,/19= 1 .1 9
p=.014(VE<M)
p = .290
Fi/19= 14.80*
F1/19=6.16*
=.0231E<D1
p=.001(VE<D) --- d
1-------\
:_

MODERATE
F1Z1, = 7.38*
d=.014(VE<M)
F,/,9= 1.19
p = .290

Fi/i9= 2.81
p = .110

DIFFICULT
Fi/19= 14.80*
p=.001(VE<D)
F1/19 = 6.16*
p=.O23 (E<D)
Fi/i9= 2.81
p = .110
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Similarly, Table 9 is given below to show the results o f the simple comparisons
on difficulty for SWAT. In this instance, very easy patterns were given lower ratings than
easy and moderate patterns which were rated equal, and also lower than difficult patterns
(VE<E=M, VE<D). In addition, easy patterns received lower ratings than difficult
patterns (E<D). All other comparisons were non-significant.
Table 9: Simple comparisons on difficulty levels for SWAT on instructor workload
* DENOTES SIGNIFICANCE

VERY EASY
VERY EASY
EASY
MODERATE
DIFFICULT

F,/„ = 4.74*
p=.O42 (VE<E)
F1/19 = 13.95*
p=.001(VE<M)
F1/19 = 23.73*
p=.000 (VE<D)

EASY
Fvi9 = 4.74*
p=.O42 (VE<E)

MODERATE
F m , = 13.95*
p=.001(VE<M)
F i/i9 = 2.05
p = .168

Fi/i9 = 2.05
p = .168
F ,/19 = 12.82*
p=.002 (E<D)

DIFFICULT
F1/19 = 23.73*
p=.000(VE<D)
F m , = 12.82*
p=.002 (E<D)
Fi/19 = 3.65
p = .071

Fi/19 = 3.65
p = .071

The same condition exists with comparisons on difficulty for the TLX. The
results o f these comparisons can be found in Table 10. The data for the TLX revealed
that very easy patterns received lower ratings than moderate or difficult patterns which
were rated equal (VE<M=D). Easy patterns also received lower workload ratings than
moderate and difficult patterns (E<M=D). All other comparisons were non-significant.
Table 10: Simple comparisons on difficulty levels for TLX on instructor workload
* DENOTES SIGNIFICANCE

VERY EASY
VERY EASY
EASY
MODERATE
DIFFICULT

Fi/19 = .08
p = .774
F m , = 14.49*
p=.001(VE<M)
F m , = 13.86*
p=.001 (VE<D)

EASY
Fi/19 = -08
p = .774

F1/19 = 9.84*
p=.005 (E<M)
Fm , = 10.70*
p=.004(E<D)

MODERATE
F m , = 14.49*
p=.001(VE<M)
F1/19 = 9.84*
p=.005 (E<M)

Fi/19 = 2.31
p = .145

DIFFICULT
F i/i 9 = 13.86*
p=.001(VE<D)
F1/19 = 10.70*
p=.004 (E<D)
F i/19 = 2.31
p = .145
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Builder Workload-. The hypotheses proposed for builder workload are the same
as those for instructor workload. Means are located in Table 5.
Once again there was no main effect o f communication on builder workload
(Fi/i9= .69, p= .415). There was a .82 point increase in mean perceived workload as
communication level changed from colocated to telecommunication, but this represents
only a 4.3% increase in perceived workload resulting from telecommunication (Table 5).
A Mauchly test o f sphericity revealed that the sphericity assumption had been violated
for difficulty so the Greenhouse-Geisser test o f significance was used to interpret the
main effect o f difficulty. There was a significant main effect o f difficulty (F3/57= 12.22,
p=.000). Further inspection by examining simple effects revealed that very easy and easy
patterns were considered equal and received lower workload ratings than moderate or
difficult patterns which were also considered equal (VE=E<M=D) (Table 11). The
spatial ability o f the builder was found to have no significant effect on the builder’s
perceived workload (F1/19 = .02, p = .897). There was a significant main effect o f
workload metric on builder workload (F2/38= 12.95, p=.000). Analysis o f simple effects
indicated that Modified Cooper Harper differed from both SWAT and NASA-TLX in
that it yielded lower workload ratings from the builder than the other two. SWAT and
NASA-TLX did not significantly differ (MCH<SWAT=TLX) (Table 12). Finally, there
was a significant three way interaction o f Communication by Difficulty by Metric (F6/i 14=
3.51, p= .020). Once again Greenhouse-Geisser was used for this interpretation. The
Communication by Difficulty interaction was only significant for SWAT (F3/57= 3.81, p=

55
.032 using Greenhouse-Geisser). Based on this result, simple comparisons o f difficulty at
each communication level were analyzed for SWAT only. It was found that difficulty
was significant only in the colocated condition (F3/j7= 7.91, p= .000) not the
telecommunication condition (F3/57= .85, p= .419). The levels o f pattern difficulty in the
colocated condition according to SWAT only are presented in Table 13. According to
builder workload ratings in the colocated condition using the SWAT, very easy, easy,
and moderate patterns were all equal and received lower builder workload ratings than
difficult patterns (VE=E=M<D). All other comparisons were non-significant.

Table 11: Means and standard deviations for main effect of difficulty on builder
workload
Builder workload for entire population
Very easy
Easy
Moderate
Difficult

Mean

Standard Deviation

19.6658
15.6266
17.2781
22.8401
22.9186

17.4646
16.8714
16.8991
17.4116
17.6172

Table 12: Means and standard deviations for the main effect of metric on builder
workload
Builder workload for entire population
Modified Cooper Harper
SWAT
NASA-TLX

Mean

Standard Deviation

19.6658
12.3176
23.4623
23.2176

17.4646
11.6675
22.3964
14.1130
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Table 13: Levels of pattern difficulty in colocation condition only according to
SWAT on builder workload
* DENOTES SIGNIFICANCE

Very Easy
Very Easy
Easy
Moderate
Difficult

Fi/19 = .19
p = .671
Fi/i9=1.74
p = .203
F1/19 = 15.01 *
p =.001(VE<D)

Easy
Fi/19 - .19
p = .671

Fi/19 = 2.75
p = .113
Fvw = 16.07 *
p = .001(E<D)

Moderate
F,/i9=1.74
p = .203
Fi/,9 = 2.75
p = .113

Difficult
F i/19 = 15.01*
p =.001(VE<D)
F1/19 = 16.07 *
p = .001 (E<D)
F j/19 = 9.91*
p = .005(M<D)

F1/19 = 9.91*
p = .005(M<D)

The results demonstrated the predicted task difficulty effect on both workload
and task performance (time to complete). It was also discovered that neither
communication condition nor spatial ability were effectual in determining workload
rating or time to completion. These, and additional results along with the debriefing
questions will be discussed in the following chapter.

CHAPTER IV

DISCUSSION

This study investigated several hypotheses that will have a direct impact on the
field o f telemedicine. The study involved communication under two different
circumstances (colocated and telecommunication). There were twenty-three teams
(consisting o f two people) each team completed a series o f pattern assemblies o f varying
difficulty. One person was designated as the instructor and the other as the builder. The
instructor was to describe (one at a time) a set o f forty-eight patterns to the builder.
Twenty-four o f these patterns were described by the instructor while the instructor and
builder were colocated (in the same room) and twenty-four o f the patterns were
described via telecommunication (in separate rooms). After constructing two patterns o f
equal difficulty, the team members were asked to complete one o f three workload
evaluation forms (MCH, SWAT, or TLX) until all patterns were complete in both
communication conditions. Based on the results obtained, it is now possible to choose a
metric with which to evaluate telemedical systems and it is now understood what factors
can be expected to have an affect on the workload experienced while interacting in a
telemedical environment and which do not. This task can be accomplished because o f the
similarities between the procedures in this experiment and an actual medical procedure.
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Both procedures involve varying degrees o f verbal communication, object manipulation,
dexterity, orienting ability, the ability to listen to and follow directions, and the ability to
handle time pressures. The most important difference between the two procedures is the
fact that this experiment is not a “life or death” situation involving actual patients thereby
relieving some o f the stress which may in turn have an effect on the results obtained in
this experiment versus an actual medical procedure.
One purpose o f this study was to determine whether telecommunication imposed
a higher workload than colocated communication. For this task (pattern assembly), the
communication condition had absolutely no effect on the reported workload o f the
participants (instructor workload F1/19 = .06, p = .807 and builder workload F1/19 = .68, p
= .421). There were no mean differences indicating telecommunication is at any
disadvantage compared to a colocated condition. Indeed, the highest percent increase in
reported workload caused by telecommunication was 4.3%. In addition, while the total
number o f errors was greater in the telecommunication than in the colocated condition,
there were still an inconsequential number o f errors for such a large number o f trials.
There was a total o f 1104 trials (48 per team * 23 teams) which produced only 41 errors
across both conditions (24 in telecommunication and 17 in colocation) or an error rate o f
3.7%. These error results indicate that telecommunication per se will not necessarily
impose an increase in workload or a decrease in performance; however, it remains to be
determined whether the same is true in the practice o f actual medical procedures. As
stated previously, the stress o f the presence o f a patient on the verge o f death may
change the non-significance o f the communication condition as well as the number o f
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errors. It is hoped that a physician would be trained to handle this pressure, however, it
is not likely that the average troops in a battlefield situation taking instruction from that
physician would have such training.
Two sources o f individual differences have the potential to influence performance
in a given task. These factors are verbosequential ability and visuospatial ability
(Wechsler,1981; Gordon, 1987). Because college level students were the subjects
participating in this study, they were pre-selected for verbal ability. Had the experiment
selected from a non-university population, verbal ability would have varied more widely
and hence might have been worth assessing as a potential source o f variance. However,
spatial ability remained as a possible variable because the task in the study was pattern
assembly which involves a significant number o f spatially oriented cues and college
students have not been selected on the basis o f their spatial ability. The data suggest that
spatial ability as measured by the CLB had no significant effect on performance (time to
complete) or workload ratings given by the participants. Therefore, it need not be
considered in future endeavors o f this nature specifically when continuing this study with
actual medical procedures as described previously in this thesis.
Pattern difficulty’s predicted effects on workload and completion time were
found to be significant. As pattern difficulty progressed from very easy to difficult,
completion time increased and workload ratings increased. A possible question
concerning completion time is how much o f the time difference between four and nine
block patterns is a result o f simply having to position five more blocks (correctly
oriented). The answer is between eight and nine seconds (incidentally, simply moving the
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blocks without any form o f instruction takes just over four seconds). Even after
reviewing the data file and subtracting these seconds, the mean times to complete
patterns were still increasing as the file moved from very easy to difficult patterns.
Finally, with regards to the primary focus o f this research, choosing a workload
metric, different options are available. It is important to keep in mind the selection
criteria discussed in the introduction to choose a metric: reliability, sensitivity,
diagnosticity, intrusiveness, selectivity, implementation requirements, and operator
acceptance. Some o f these considerations were met by simply choosing a subjective
measure o f workload. For instance, subjective measures are non-intrusive, have relatively
high operator acceptance, and have few implementation requirements. Other criteria will
be achieved through the specific metric chosen.
Figure 4: Workload metrics (grouped by levels of pattern difficulty) on team
workload

Pattern Difficulty
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The above graph was created from team workload data (an average o f instructor
workload and builder workload). All metrics differ significantly. From Figure 4 and the
tests o f significance reported in Tables 6, 10, and 11 one can see that if there are gross
differences in difficulty levels indicating reduced sensitivity (as demonstrated by the large
jump in the TLX in Figure 4 from very easy and easy patterns, which appear equal to
each other in difficulty rating, to moderate and difficult patterns, which appear equal to
each other in difficulty rating) the TLX would be the more appropriate method o f
measuring workload. That is, TLX is a valid and reliable metric, as are SWAT and
MCH. They increase predictably with an increase in task difficulty, however, the TLX is
not as sensitive to small changes (remember the large jump between the very easy/easy
group and the moderate/difficult group) in task difficulty as the SWAT. If the task is a
complex one with many small differences in difficulty levels, the SWAT should be used
because o f the nice stair-step pattern in the SWAT in Figure 4 demonstrating sufficient
capability to distinguish all levels o f difficulty no matter how small the difference (see
also Tables 9 and 13 which report the significant differences in workload as a function
o f pattern difficulty at SW A T ). At first glance, the MCH appears to have equal
capabilities to the SWAT, but upon further inspection it is apparent that one may get
deceptively low workload ratings when using the MCH even though it can adequately
distinguish between all levels o f difficulty i.e., it is sensitive. This could be a hazard if the
situation is a dangerous one and the experimenter incorrectly interprets the workload to
be relatively low and not a factor in producing error. Therefore, it is the recommendation
o f this experimenter that the metric o f choice should be the SWAT if there are no gross
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differences in difficulty levels (otherwise use the TLX). It is by definition o f subjective
workload techniques non-intrusive, cost effective, not time consuming, and operator
accepted. In addition, the SWAT was shown in this study to be reliable, valid, and
sensitive to changes in workload variation.
DEBRIEFING QUESTIONS
In addition to the workload ratings obtained from the subjects, a preference o f
metric was also collected (all debriefing data can be found in Appendix F). The TLX was
preferred to the SWAT by more than eight to one, TLX was preferred to the MCH
nearly four to one, and MCH was preferred to SWAT two to one. When asked for
reasons behind their preferences, the subjects who liked the TLX said it was the easiest,
they liked the multi-dimensional attribute, they liked the wider range, and not having to
write down an exact number. The subjects who preferred the SWAT said it was less
confusing. The subjects who preferred the MCH said they liked only having to write
down one number, it was easiest to remember, faster, and they liked the decision tree
concept. In the case o f telemedicine however, it may be unsafe to allow user preference
to dictate the workload metric to be used for evaluating performances. As stated
previously, SWAT is the best metric to use for evaluating telemedical practices even
though it was the least favored o f the three metrics.
Also collected from the subjects was their major field o f study, but there were no
over-riding patterns when subjects’ major was compared to workload metric preference
nor was there a pattern when major was compared to spatial ability.
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Subjects were asked in which communication condition they were most
comfortable and why. There were no subjects who preferred the telecommunication
condition over the colocation condition. When asked why, they replied that it was easier
to convey and understand their teammate’s thoughts when they could be looked in the
eye. No communication other than the spoken word occurred in the telecommunication
condition. In the colocated condition the instructor was not allowed to point to or touch
the blocks at any time nor was s/he permitted to show the pattern to the builder. This
made the two communication conditions exactly alike except for the actual presence o f
the partner in the colocated condition which may have allowed for some social or small
group psychology factors to encroach upon the otherwise controlled situation.
The final item collected during the course o f the study was the time to complete
each metric. Unfortunately, the two recommended metrics (SWAT and TLX) take the
longest amount o f time to complete, but since each o f their times is a mere matter o f
seconds, this is not a major inconvenience. The TLX has the longest mean completion
time o f 16.83 seconds. Intermediate is the SWAT with a mean completion time o f 11.25
seconds. The metric with the shortest mean completion time is the MCH at 9.18
seconds. If a workload measure had to be filled out several times during the course o f a
performance, these seconds could add up. However, as stated, there would have to be
several for the seconds to add up to even five minutes o f study time.
IMPLICATIONS
The mere availability o f technology alone often drives its inclusion in medical
procedures, not its benefits or detriments (Bogner,1994). The results o f the present
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research have temporarily taken technology out o f this position o f control and increased
the means by which the impact o f technology (specifically telecommunication) on
cognitive processes can be assessed. Cognitive processes are often only analyzed as a
matter o f course in a “great new invention” lending little or no value to their capability to
“make or break” a system. This research lead to the selection o f a method by which
telemedical systems may be evaluated along with their impact on cognitive workload.
This metric is SWAT which has statistically proven itself to be sensitive across various
levels o f task difficulty. As a result o f this sensitivity to pattern assembly tasks,
researchers are now better equipped to take this tool into a medical environment.
As stated previously, future research will extrapolate the findings from this
research to specific medical procedures to determine the workload involved in
telemedical arenas.
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Appendix A
Conversion Equations for Workload Metrics

As stated previously, all workload metrics had to be converted to a one hundred
point scale to facilitate comparison. Prior to this conversion, an arithmetic average o f the
three SWAT subscales was calculated as SWAT(avg.). Similarly, the arithmetic average
o f the six TLX subscales was calculated as TLX(avg.).
The equations used for conversion are as follows:
M C H =M C H * 11.11-11.11
SWAT= SWAT(avg.) * 50-50
TLX= TLX(avg.) * 1.11.
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Workload Metrics, Instructions,
and Data Collection Forms

SWAT - In this experiment you will be using a rating technique known as SWAT. With
SWAT, the mental workload you have just experienced is divided into three categories.
They are time loading, effort loading, and psychological stress loading. These three
dimensions o f mental workload and their different levels are described in the following
paragraphs.
Time Load Time Load refers to the difference between the time necessary and
the time available to complete a task. For example, if you have a lot to accomplish in a
short period o f time, your mental workload would be increased in terms o f time load.
Imagine a test that would normally take you an hour to complete. I f you were given only
45 minutes in which to complete the test, one would expect that your mental workload
would be higher than if you would have been given a full hour to complete the test.
Given less time, you would be forced to work faster than usual to finish the exam. If, for
example, you were given two hours to complete the test, there would be less demand on
your time so you might adopt a more leisurely pace, and, as a result, experience less
mental workload. Another aspect o f time loading is that o f interruption. I f you were
frequently interrupted from your main task, your train o f thought would be repeatedly
broken, thus affecting how long it would take you to finish the exam. Time load will be
rated on a scale like the one below:
1

Often have spare time. Interruptions or overlap among activities occurs
infrequently if at all.

2

Occasionally have spare time. Interruptions or overlap among activities occurs
infrequently.

3

Almost never have spare time. Interruptions or overlap among activities are very
frequent, or occur all the time.

Mental Effort Load Mental effort is an index o f the amount o f attention or
concentration required by a task itself. Under conditions o f low mental effort, the
concentration and attention required is minimal and performance is nearly automatic. As
the complexity o f the task increases, the degree o f concentration and attention required
also increases. For example, you could expect that a difficult calculus problem that you
did not clearly understand would require more mental effort than an easier algebra
problem. Mental effort load will be rated on a scale like the one below:
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1

Very little conscious mental effort or concentration required. Activity is almost
automatic, requiring little or no attention.

2

Moderate conscious effort or concentration required. Complexity o f activity is
moderately high due to uncertainty, unpredictability, or unfamiliarity.

3

Extensive mental effort and concentration are necessary. Very complex activity
requiring total attention.

To see how these two dimensions o f mental workload combine, consider the
following situations. First, a test consisting o f one hundred addition and multiplication
problems must be completed in ten minutes. Here, effort loading is low because each
problem is short, easy to understand, and easy to do. However, it may be difficult to
finish a hundred problems in ten minutes. Thus, the time loading is high. Next consider a
complex calculus problem which you have two hours to solve. In this case, you have
plenty o f time but face a difficult task. Thus, effort loading would be high and time
loading would be low.
Psychological Stress Load Stress refers to difficulty as a result o f conditions
that produce anxiety, frustration, or confusion. Under conditions o f little or no stress,
one feels relaxed. As stress increases, confusion, anxiety, or frustration also increase,
thus requiring greater concentration and determination to maintain control o f a situation.
For example, suppose you were going into your math final with a D average, knowing
that if you fail the course you will not graduate. This added pressure can cause
nervousness, frustration, and confusion, thus causing psychological stress and adding to
mental workload. On the other hand, if you were going into the exam with a high A, the
pressure and fear o f not graduating would be much less, so you should experience less
psychological stress than given the other situation. Psychological stress load will be rated
on a scale like the one below:
1

Little confusion, risk, frustration, or anxiety exists and can be easily
accommodated.
Moderate stress due to confusion, frustration, or anxiety adds noticeable to
workload. Significant compensation is required to maintain adequate
performance.

3

High to very intense stress due to confusion, frustration, or anxiety. High to
extreme determination and self-control required.
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SWAT Assessment

Condition
Telecommunication
1
Telecommunication
2
Telecommunication
3
Telecommunication
4

Time Load

Mental Effort

Psychological
Stress
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SWAT Assessment

Condition
Colocation
1
Colocation
2
Colocation
3
Colocation
4

Time Load

Mental Effort Psychological
Stress
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M CH - This workload metric requires a simple traversal through a decision tree. To
reach the rating scales at the far right o f the MCH tree, one must begin at the bottom left
o f the tree answering the yes/no questions along the way. When an answer is chosen,
simply move in the direction o f the pointing arrow. When the difficulty levels are
reached, choose the level from very easy to impossible depending upon your location in
the tree, which best represents your experience in completing the task. Record the
number that appears with your chosen difficulty level.

76

Difficulty level

Verv easv
highly desirable
3 '
E
es raDI9
_ .

...
r

Operator demand level

Operator mental effort is minimal
and desired performance is
easily attainable
Operator mental effort is
low and desired performance
is attainable

Rating

1

2

Acceptable operator mental
effort is required to attain
adequate system performance

3

Minor but
annoying
difficulty

Moderately high operator mental
effort is required to attain
adequate system performance

4

Moderately
objectionable
difficulty
Very objectionable
but tolerable
difficulty

High operator mental effort is
required to attain adequate
system performance
Maximum operator mental effort
is required to attain adequate
system performance

Major difficulty

Major difficulty

Maximum operator mental effort
is required to bring errors
to moderate level
Maximum operator mental effort
is required to avoid large
or numerous errors

5

6

7

8

Major difficulty

Intense operator mental effort Is
required to accomplish task, but
frequent or numerous errors persist

9

.
...
Impossible

Instructed task cannot be
accomplished reliably

10

MODIFIED COOPER HARPER DECISION TREE

77

MCH Assessment

Condition
Telecommunication
1
Telecommunication
2
Telecommunication
3
Telecommunication
4

Rating
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MCH Assessment

Condition
Colocation
1
Colocation
2
Colocation
3
Colocation
4

Rating
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TLX- We are not only interested in assessing your performance but also the experiences
you had during the different task conditions. Right now we are going to describe the
technique that will be used to examine your experiences. In the most general sense we
are examining the “workload” you experienced. Workload is a difficult concept to
describe precisely, but a simple one to understand generally. The factors that influence
your experience o f workload may come from the task itself, your feelings about your
own performance, how much effort you put in, or the stress and frustration you felt. The
workload contributed by different task elements may change as you get more familiar
with a task, perform easier or harder versions o f it, or move from one task to another.
Physical components o f workload are relatively easy to conceptualize and evaluate.
However, the mental components o f workload may be more difficult to measure.
Since workload is something that is experienced individually by each person,
there are no effective “rulers” that can be used to estimate the workload o f different
activities. One way to find out about workload is to ask people to describe the feelings
they experienced. Because workload may be caused by many different factors, we would
like for you to evaluate several o f them individually rather than lumping them into a
single global evaluation o f overall workload. This set o f six rating scales was developed
for you to use in evaluating your experiences during different tasks. Please read the
descriptions o f the scales carefully. If you have a question about any o f the scales in the
table, please ask me about it. It is extremely important that they be clear to you. You
may keep the descriptions with you for reference during the experiment.
After performing each o f the tasks, you will be given a sheet o f rating scales. You
will evaluate the task by putting an “X” on each o f the six scales at the point which
matches your experience. Each line has two endpoint descriptors that describe the scale.
Note that “own performance” goes from “good” on the left to “bad” on the right. This
order has been confusing for some people. Please consider your responses carefully in
distinguishing among the different task conditions. Consider each scale individually.
Your ratings will play an important role in the evaluation being conducted, thus, your
active participation is essential to the success o f this experiment and is greatly
appreciated.
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TITLE

ENDPOINTS

DESCRIPTION

MENTAL
DEMAND

LOW/HIGH

PHYSICAL
DEMAND

LOW/HIGH

TEMPORAL
DEMAND

LOW/HIGH

PERFORMANCE

GOOD/POOR

EFFORT

LOW/HIGH

FRUSTRATION
LEVEL

LOW/HIGH

How much mental and perceptual activity was
required (thinking, deciding, calculating,
remembering, looking, searching, etc.)? Was
the task easy or demanding, simple or
complex, exacting or forgiving?
How much physical activity was required
(pushing, pulling, turning, controlling,
activating, etc.)? Was the task easy or
demanding, slow or brisk, slack or strenuous,
restful or laborious?
How much time pressure did you feel due to
the rate or pace at which the task or task
elements occurred? Was the pace slow and
leisurely or rapid and frantic?
How successful do you think you were in
accomplishing the goals of the task set by the
experimenter (or yourself)? How satisfied were
you with your performance in accomplishing
these goals?
How hard did you have to work (mentally and
physically) to accomplish your level of
performance?
How insecure, discouraged, irritated, stressed,
and annoyed versus secure, gratified, content,
relaxed, and complacent did you feel during
the task?
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S u b je c t I D : __________________ Task I D : __________________

RATING SHEET
M EN TAL DEMAND

1 I 1 i

I I 1 I

11 11 I

I 1 I

1 1 I

Low

H ig h

P H Y S IC A L D E M A N D

Low

H igh

TEM PORAL DEMAND

H igh

Low

PERFORM ANCE

Poor

G ood

EFFORT

Low

H igh

F R U S T R A T IO N
I
Low

1 1

1

I

1

I

1

I

1

I

1

I

1

I

1

1
H ig h
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Appendix B
Cognitive Lateral Battery
Informed Consent

Project Title: Cognitive Lateral Battery
Investigator: Jennifer Hahus
Study Description: During this study you will be asked to perform several operations
over the course o f four separate tests. These tests are designed to assess the spatial
ability o f the participant for later use in the final stage o f the experiment. The tests
include items such as localization and identification o f given figures. Your participation
in this portion o f the study will last approximately thirty to forty minutes and you will
receive one credit. Your test results will determine whether or not you will be selected
for the second half o f this experiment occurring at a later date. If you are selected, you
will be notified by telephone and paid fifteen dollars for your efforts. As an extra
incentive in the simulation phase o f this experiment, an additional twenty five dollars will
be awarded to the two teams achieving the best results based on errors and speed. You
may voluntarily terminate your participation in this study without loss o f credit.
Confidentiality: All data resulting from your participation in this study will remain
strictly confidential and will not be disclosed to sources outside the experiment. In
addition, your name will not be revealed in any written documentation produced in this
study.
Contact: If you have any questions or problems regarding this experiment, please
contact Jennifer Hahus at the University o f Dayton 229-2175.
Consent: I am participating in the study “Cognitive Lateral Battery” o f my own free
will. The above named investigator has sufficiently addressed my questions and concerns
regarding this experiment and my role therein. I understand that I may terminate my
involvement in this study at any time if I so choose, without loss o f credit. I am also
aware that the aforementioned investigator will be available throughout the experiment
and at later dates to answer any further questions I may have.

Signature of participant

Witness

Date

Date
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Debrief
(CLB)

You have just concluded the Cognitive Lateral Battery. This battery is used for the
assessment o f an individual’s spatial ability. It is important for the experimenter to know
the spatial ability o f the subjects in order to equally balance those with low and high
ability throughout the levels o f the experiment. The battery is not an intelligence test and
should not be construed as such. It is simply a tool chosen from among a large list to
classify subjects into gross categories. If you are chosen to participate in the simulation
phase o f this study, it will not be because you are o f high or low spatial ability. Subjects
are chosen at random and regardless o f their spatial abilities.
I f you are needed for the simulation phase o f the study, you will be notified by telephone
and will receive a monetary reward for your efforts. If you are not notified, it is simply
because your name was not drawn from the pool o f subjects who participated in the
Cognitive Lateral Battery. However you will still receive one credit for your
participation thus far.

Thank you for your time and effort. If you have any further questions please contact
Jennifer Hahus at the University o f Dayton: 229-2175.
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Instructions
(CLB)

LOCALIZATION: (time: 7:10 min.)
“The purpose o f this test is to locate points in space. On the screen you see an
“X” in the center o f a large black frame. Look down at your answer sheet and
you will see an “X” marked in the center o f the frame in example A. Look now at
example B. Find the frame on your answer sheet marked example B. Now look at
the screen. You see that the “X” is in the upper right hand comer. Put an “X” on
your answer sheet in example B in the same place as it is on the screen. Are there
any questions? Now let’s do example C. For this example you will have very little
time to look at the “X”— only 3 seconds— so watch carefully. Then, put an “X”
in example C in the same place as you saw it on the screen. Are you ready? Here
is example C. Mark your answers as carefully as you can. We want to see how
exact you can be. Are there any questions? Let’s do the test. Turn your answer
sheet to where it says test page 1 at the top o f the page. There are twenty- four
examples with six examples on each page. Look now to make sure you have all
four pages. When you do this test, mark your answers carefully and look up to
get ready for the next example. Are there any questions? Let’s start with number
one.....”
ORIENTATION: (time: 8:15 min.)
“The purpose o f this test is to see if you can twist or turn around in your mind
drawings o f geometrical figures. On the screen, you see three drawings,
numbered 1,2,3. Notice that they all look alike but are turned differently in
space. However, only two o f them can be turned around so that they will be
exactly alike; the other one can never be turned to look just like the other two no
matter how hard you try. It will always be backwards or reversed. Your job is to
think hard and by using your imagination twist the drawings around and decide
which two are alike. Then circle both their numbers on your answer sheet.
In the example you can see that number 1 is just like number 2 if you turn one o f
them slightly. No matter how much you turn number three, it can never be made
to look like number 1 or 2. So the correct answers for this example are numbers
1 and 2. For practice, circle now, both these numbers where it is marked
“example” on your answer sheet. Also in the test you will always circle 2
numbers.
The test is just like the example. In each item you will see three numbered
drawings. You must decide which 2 o f these can be turned in space to look alike.
Then circle both their numbers on your answer sheet. There will always be two
that are alike and one that is backwards and can never be turned to look like the
other two. I f you have difficulty and run out o f time, circle 2 numbers anyway.
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There is no penalty for guessing, so circle 2 numbers every time even if you are
not sure. Are there any questions?”

FORM COMPLETION: (time: 7:40 min.)
“The purpose o f this test is to see if you can recognize drawings o f things when
part o f the drawing has been erased. You will have to use your imagination to fill
in the missing pieces and guess what the drawing should be.
Let’s look at some examples. Look at example A at the top. If you use your
imagination, you may be able to see a drawing o f a man pushing a wheel barrow.
Only parts o f the man and parts o f the wheelbarrow can be seen, the rest you
must imagine. Those who saw only a man, would be partly right. Notice that the
correct answer has been written on your answer sheet in example A.
Look now at example B on the bottom left. This is a little easier. Here you see a
picture o f a boy’s face. Write the answer “boy’s face” in the box for example B
on your answer sheet. Again you must try to imagine what the whole drawing
would be if parts had not been erased. Those who wrote just “face” or just “boy”
would only be partly right.
Look now at example C at the bottom right. Try now, by yourself, to imagine
what it is and write the answer in the box for example C on your answer sheet.
Many usually see that this is a picture o f a sailboat. If you just wrote “boat” you
would only be partly right. When you write your answers try to be as complete as
possible.
In the test you will get 6 drawings all at once. As you see they are arranged on
the screen just as they are arranged in each o f the 4 large areas on your answer
sheet. When you recognize one o f the 6 drawings, write your answer in the box
that is in the same place on your answer sheet as it is on the screen. The large
number 1 at the top is to show that you are to write your answers for the first 6
drawings in the area on your answer sheet where it is marked with a large
number 1. When there is a large number 2 on the screen, you will put your
answers in the area on your answer sheet under the large number 2. Are there any
questions?
Work quickly; the answers for most drawings can be written in a word or two.
This is not a spelling test, so do not worry about spelling. Also since you have
very little time—less than a minute—do not spend a lot o f time on one drawing.
When you cannot recognize one, go on to the next. You can always go back to
any one o f the 6 drawings while they are on the screen. O f course, you may
always guess.
You will have to concentrate on this test and think fast. Work quickly and try to
do as many as you can, but no one is expected to get all the drawings in the short
time.”
TOUCHING BLOCKS: (time: 8:30 min.)
“The purpose o f this test is to see if you can imagine whether or not certain
blocks in a stack are touching their neighbors. You see in the example a number
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o f blocks stacked side by side and on top o f one another. All the blocks are the
same size and shape even though parts o f them are hidden from view. For some
o f the blocks—the ones with numbers on them—you will have to write down
how many other blocks are touching them. Look at the block numbered 1. As
you see, it is sitting on the two blocks underneath and touching only these two.
Since block number one is touching two blocks, the answer you put on your
answer sheet is 2. Write it now on your answer sheet in the space next to number
two, where it is marked example.
Now look at the block numbered 2. You see it is touching the block above it, one
beside it, and two below it, for a total o f 4. The answer for block number 2 is 4
since there are four blocks touching it. Write four in the blank line next to
number two in the area marked “example” on your answer sheet.
Now look at block 3. Take a moment to count the blocks that are touching it,
and write the number on your answer sheet.
There are 4 blocks touching block number 3 and you should have written 4 in the
space next to block number three in the example. N ow count the blocks touching
block numbers 4 and 5. Put the correct answers in the spaces marked 4 and 5 in
the example area on your answer sheet.
There are 7 blocks touching block number 4: 2 at the top, 1 on the side, and 4 on
the bottom. There are 4 blocks touching block number 5. Are there any
questions?
L et’s do the test. In each stack o f blocks, there will be some that have numbers
on them. Count the number o f blocks touching each one o f those with a number
written on it. Then write the number o f touching blocks in the numbered spaces
on your answer sheet just as you had done with the example.
Work quickly but carefully. You will have less than a minute for each stack o f
blocks. You may guess, there is no penalty for guessing.”

LOCALIZATION TEST
NAME: __ __________________________

DATE: _ _ _ _ _ _

______________ ___

EXAMPLES

X
a

b

c

TEST
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P agel

1

4

2

5

3

6

TEST
89

Page 2

•

10

*

11

•

12

TEST
90

Page 3

13

16

14

17

15

18

TEST
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Page 4

19

22

20

23

21

24

O R IEN TA TIO N TEST (3 -0 )
N a m e :_____________________________
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Date

1
Example:
2

3

2

3

2

3

2

3

2

3

2

3

2

3

2

3

2

3

T e s t:
1

9:

3:

17:
2

3

2

3

2

3

2

3

2

3

2

3

2

3

2

3

10:

2

3

2

3

2

3

2

3

2

3

2

3

21:

14:

22:

23:

15:

8:

3

20:

13:

7:

2

19:

12:

5:

3

18:

11:

4:

2

24:

16:

FORM COMPLETrON

Date:

Name:

Examples:

B

C

93

94

6.

5.

6.

TOUCHING BLOCKS
95

N am e :_______________ _ ______ ___ D a t e : _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

EXAMPLE:
-------------

1 : _____________

2 :___________
3 : _____________

4 : __________
5 : _____________

TE S T :

1:

16:

2:

17:

3 : __________

1 8 : __________

4 : __________

1 9 : __________

5

20:

6 : __________

2 1 : __________

7 : __________

2 2 : __________

8 : __________

2 3 : __________

9 : __________

2 4 : __________

1 0 : __________

2 5 : __________

11 : __________

2 6 : __________

1 2 : __________

2 7 : __________

1 3 : __________

2 8 : __________

1 4 : __________

2 9 :__________

15:

30:
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Appendix C
Pattern Difficulty Assessment
Instructions

The experimenter leads each individual subject to a lab and the subject is handed
the first stack o f designs consisting o f four-block patterns after watching the
experimenter shuffle the patterns thoroughly.
“Please give a cursory look to each o f these twenty seven patterns. (Subject
views the patterns and returns the stack. Experimenter shuffles the stack again).
I am now going to ask you to estimate the magnitude o f the difficulty o f each o f
these patterns as a number between one and fifty. Fifty is the most difficult
pattern in the pile and one is the easiest. There is no time limit so please take all
the time you like.
(Subject gives all designs a value as the experimenter records the number on the
data sheet (Appendix C). The experimenter shuffles the stack and hands it to the
subject.)
Now I am asking you to please put these designs in rank order from easiest to
hardest. The easiest design will appear on the top followed by the second easiest
and so on with the hardest design appearing at the bottom o f the pile.” ( The
subject orders the designs and returns them to the experimenter to record on the
data sheet.)
This process is then repeated for nine-block patterns giving magnitude
estimations between fifty-one and one hundred.
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Data Collection Forms
(Pattern Difficulty Assessment)

Magnitude Estimations (magn. estimations
100 = most difficult
of 56 patterns)
A=
B=
C=
D=
E=
F=
G=
H=
l=
J=
K=
L=
M=
N=
0=
P=
Q=
R=
S=
T=
U=
V=
w=
x=
Y=
z=
AA=
BB=
CC=
DD=
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EE=
FF=
GG=
HH=
11=
JJ=
KK=
LL=
MM=
NN=
00=
PP=
QQ=
RR=
SS=
TT=
UU=
W=
WW=
XX=
YY=
ZZ=
aaa=
bbb=
ccc=
ddd=
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Rank Order
1=easiest
1=
2=
3®
4=
5=
6=
7=
8=
9=
10=
11=
12=
13=
14=
15=
16=
17=
18=
19=
20=
21=
22=
23=
24=
25=
26=
27=
28=
29=
30=
31=
32=
33=
34=

Rank order of 56
block patterns

100

36=
36=
37=
38=
39=
40=
41=
42=
43=
44=
45=
46=
47=
48=
49=
50=
51=
j52=
53=
54=
55=
56=

©
THE
PSYCHOLOGICAL
CORPORATION®

The Psychological Corporation
555 Academic Court
San Antonio, Texas 78204-2498
Tel 210-299-1061
Telex 5106015629 TPCSAT
Fax 210-270-0327

101

November 29, 1995

Ms. Jennifer Hahus
Graduate Student
Department o f Psychology
The University o f Dayton
300 College Park
Dayton, OH 45469-1430
Dear Ms. Hahus:
Thank you for your recent letter regarding permission for use o f the WAIS-R Block Design
standardization data for your research.
The Block Design subtest blocks are ordered by difficulty; ie, the first is the easiest, etc. Given
this, there is no need for you to obtain the data for your research.
Thank you for your interest. I f you have other questions, please contact us.
Sincerely,

Christine Doebbler
M anager
Legal Affairs

A Subsidiary o f Harcourt Brace & Company
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Block Pattern Codes

4 = 4 block pattern
9 = 9 block pattern
VE = very easy pattern
E = easy pattern
M = moderate pattern
D = difficult pattern

W = W AIS-R original pattern
C = color reversal of a WAIS-R pattern
R = rotated W AIS-R pattern
X = pattern created by experimenter
P = pattern used for practice only

1.) 4-E-C

13.) 4-E-R

25.) 4-E-X

37.) 9-H-X-P

49.) 9-M-X-P

2.) 4-E-C

14.) 4-E-X

26.) 4-E-X

38.) 9-H-X

50.) 9-M-X

3.) 4-VE-X

15.) 4-E-R

27.) 4-VE-X

39.) 9-H-X

51.) 9-M-X

4.) 4-E-X

16.) 4-E-X-P

28.) 9-M-X

40.) 9-H-X

52.) 9-H-W

5.) 4-E-X

17.) 4-VE-C

29.) 9-M-X

41.) 9-H-X

53.) 9-M-X

6.) 4-VE-X

18.) 4-VE-W

30.) 9-M-X

42.) 9-H-X

54.) 9-M-X

7.) 4-VE-X

19.) 4-E-R

31.) 9-H-R

43.) 9-H-R-P

55.) 9-H-R

8.) 4-VE-W

20.) 4-VE-R-P

32.) 9-H-R

44.) 9-M-X-P

56.) 9-M-X

9.) 4-E-X

21.) 4-VE-X-P

33.) 9-H-R

45.) 9-M-W

10.) 4-VE-R

22.) 4-VE-X

34.) 9-M-X

46.) 9-H-X-P

11.) 4-VE-X

23.) 4-VE-R

35.) 9-M-R

47.) 9-H-X

12.) 4-VE-C

24.) 4-E-W

36.) 9-M-X

48.) 9-H-X
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Patterns

2

3

4
r

7

10

11

12

104

k

16

17

18

19

20

21

7
22

23

A

24

105

27

rr^
r a
28

34

29

35

36

106

46

47

48

107

55

56
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Appendix D
Telemedical Simulation
Informed Consent

Project Title; Telemedical Simulation
Investigator: Jennifer Hahus
Study Description: During this study you will be asked to perform one o f two tasks.
You will either give a descriptive explanation o f a constructed model to another person
in such detail that s/he will be able to construct an identical model to the one in your
possession or you will receive instruction from another person and exactly replicate the
model that person is describing to you. This construction will occur under two
conditions: one where the two parties are colocated and another where the two parties
will be required to communicate via telemetry. Your role in the study will span
approximately two (2) hours and you will be paid fifteen dollars in addition to a possible
bonus for the top two teams as measured by speed and errors. You may voluntarily
terminate your participation in the study at any time and still receive a monetary reward
for the amount o f time you participated.
Confidentiality: All data resulting from your participation in this study will remain
strictly confidential and will not be disclosed to sources outside the experiment. In
addition, your name will not be revealed in any written documentation produced in this
study.
Contact: I f you have any questions or problems regarding this experiment, please
contact Jennifer Hahus at the University o f Dayton 229-2175.
Consent: I am participating in the study “Telemedical Simulation” o f my own free will.
The above named investigator has sufficiently addressed my questions and concerns
regarding this experiment and my role therein. I understand that I may terminate my
involvement in this study at any time if I so choose and still receive the money to which
I am entitled. I am also aware that the aforementioned investigator will be available
throughout the experiment and at later dates to answer any further questions I may have.

Signature of participant

Witness

Date

Date
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Debrief
(Telemedical Simulation)

You have just concluded a study involving perceived (cognitive) workload and
telemedical simulation. Tasks that require complex perceptual input, problem solving, or
decision making fall into the area o f cognitive workload. Telemedicine is a relatively new
area o f both communication and medicine in which a given person at one location
communicates with a person (or robot!) at another location via telemetry to achieve
some goal. The groundbreaking procedures encompassed in the term telemedicine
include, but are not limited to, remote operation, remote diagnosis, and remote
instruction.
The purpose o f this study is to discover and calibrate a reliable method o f
measuring cognitive workload as it affects telemedicine. This is accomplished by varying
the levels o f difficulty o f model building as you have just experienced. I f the cognitive
workload o f a given task becomes excessive, performance suffers. This performance
degradation must be avoided if patient efficacy is to be preserved.
Your participation will allow the experimenters to calibrate a chosen workload
metric because they were able to witness changes in your performance as they varied the
difficulty o f your task i.e. a given level o f difficulty may now be associated with an
obtained score on a workload assessment. As a result, this same workload metric may
now be used in relation to telemedicine to determine when/if workload will be so
excessive that patient efficacy and safety may be jeopardized.
Thank you for your time and efforts. I f you have any further questions, please
contact Jennifer Hahus 229-2175.
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Instructions
(Telemedical Simulation)

The following paragraphs are the instructions given to the builder and the
instructor for both communication conditions.
Telecommunication condition instructions f o r the builder:
“In this portion o f the study you will receive a set o f instructions given to you by
your team mate located in another room. You will hear these instructions over
your walkie-talkie. You will place these red and white blocks as you are told to
form a pattern o f which the instructor has a picture. Some o f these patterns will
require all nine blocks and some will require only four and all patterns are in a
perfect square shape. Your partner will be permitted to tell you how many blocks
to expect in the ensuing pattern. The blocks consist o f two red sides, two white
sides, and two sides split in half so that they are both red and white. This camera
is here so that your team mate may monitor your progress and correct any
mistakes you may make. Some patterns will seem harder than others. After
completing two patterns, you will be asked to fill out a workload metric that
describes the amount o f work you think was involved in completing the
previously built patterns. This is a subjective measure and will not be the same for
all people so do not feel as though your ratings must match your partner’s. After
you have completed the measure o f workload, you will build two more patterns
and fill out another workload evaluation and so on until all patterns are
completed (there are twenty-four). Your goal is to work as quickly as possible
while attempting to build a completely correct pattern. Your team will receive a
twenty-five dollar reward if it is one o f the two fastest teams with the fewest
errors. You may ask your team mate to repeat any instructions you do not
understand by depressing the talk button on your own walkie-talkie. Are there
any questions?”
Telecommunication condition instructions f o r the instructor.
“In this portion o f the study you will be asked to describe these patterns you see
before you now to your team mate located in another room. Some o f these
patterns contain four blocks and some contain nine. You may tell your partner
how many blocks are in the pattern that s/he is about to construct. Your team
mate has a set o f blocks in order to achieve this construction which have two red
sides, two white sides, and two sides that are split in half so that they are both red
and white. You will communicate to your team mate via a set o f walkie-talkies
one o f which you see before you. You talk by depressing the talk button for the
duration o f the time you need to speak. Your team mate has the option o f asking
you to repeat any instructions s/he does not understand. The television monitor is
here so that you may monitor your team mate’s progress and correct any errors
s/he may make. Time will begin with the first instructions you give your partner.

Ill
When you believe the pattern your partner has constructed is correct you must
say that you are finished i.e., say “done”. I will stop the time and check your
work. I f it is correct, we will continue. If it is not correct, I will tell you the
design is incorrect, restart the time, and allow you to find your error and correct
it. When you believe it is corrected, tell me and I will again stop the time. It is
important to note that unless you say you are finished, I will not stop the time
and if you have made a mistake and catch it yourself you may correct it without
the pattern being recorded as an error. Once you have described two patterns you
will be asked to fill out a workload evaluation which will let the experimenter
know how much work you believe was involved in completing this phase o f the
experiment. When this evaluation is completed, you will describe two more
patterns and receive another evaluation and so on until all patterns are completed
(there are twenty-four). Workload evaluations are subjective; therefore, your
opinions may or may not match your partner’s. Do not worry. You are not trying
to match him or her. Just state your own opinion. Your goal is to complete these
patterns as quickly as possible making as few errors as possible. At the end o f the
experiment, the two teams with the fastest times and the fewest errors will
receive a twenty-five dollar bonus. Are there any questions?”
Colocated condition instructions fo r both subjects', (occurred in Builder Room)
“In this phase o f the study you will be asked to construct the patterns you see
before you. Only one o f you will have access to the patterns while the other will
have the blocks. The builder is never allowed to view the patterns and the
instructor is never allowed to touch or point to the blocks. The person with the
patterns must describe to the other person how to situate the blocks in order to
create the pattern s/he sees. Each block consists o f two red sides, two white
sides, and two sides split in half so that they are both red and white. The builder
may at any time ask the instructor to repeat instructions that were not
understood; however the builder may not ask to see the design itself nor may the
instructor show the design to his or her team mate. When the instructor believes
the construction to be correct, s/he must tell me so that I may stop the time. I f I
see the pattern is incorrect, I will inform you and restart the time. You are then
permitted to find your error, correct it, and tell me you are finished. I f at any time
before you tell me you are finished you observe an error, you may correct it
without that error being recorded. After completing two designs, you will both
be asked to fill out a workload evaluation which will tell the experimenter how
much work you each feel was involved in completing this phase o f the
experiment. These evaluations are subjective so the evaluations you both fill out
may not reflect the same ideas. Do not worry about matching your partner’s
evaluation. The experimenter wants to know what each o f your personal views
are. When this evaluation is completed, you will be asked to complete two more
patterns and give another evaluation and so on until all patterns are completed
(there are twenty-four). Your goal is to complete the patterns as quickly as
possible while making as few errors as possible. At the end o f the experiment, the
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two teams with the fastest times and the fewest errors will receive a twenty-five
dollar reward. Are there any questions?”
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Telecommunication Condition
Pattern Code

1=
2=
3=
4=
5=
6=
7=
8=
9=
10=
11 =
12=
13=
14=
15=
16=
17=
18=
19=
20=
21=
22=
23=
24=

Correct = C
Incorrect = I

Time
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Colocation Condition

Pattern Code

1=
2=
3=
4=
5=
6=
7=
8=
9=
10=
11 =
12=
13=
14=
15=
16=
17=
18=
19=
20=
21 =
22=
23=
24=

Correct = C
Incorrect = I

Time
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Error Recording Sheet

trial=
sub=

trial=
sub=

trial=
sub=

trial=
sub=

trial=

trial=

trial=

sub=

sub=

sub=

trial=
sub=

trial=
sub=

trial=
sub=

trials
sub=

trial=
sub=

trial=
sub=
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Appendix E
F Tables

Between Subjects Variable (Time): Spatial Ability

Within Cells
Instructor
Builder
Instructor X
Builder

SS

DF

MS

F

P

4848.49
247.18
689.92
246.79

19
1
1
1

255.18
247.18
689.92
246.79

.97
2.70
.97

.337
.117
.338

Time (SA = Spatial Ability * = violation of sphericity Greenhouse-Geisser
interpretation used)

Within Cells
Communication
InstructorSA X
Communication
BuilderSA X
Communication
InstructorSA X
BuilderSA X
Communication
Within Cells
Difficulty
InstructorSA X
Difficulty
BuilderSA X
Difficulty
InstructorSA X
BuilderSA X
Difficulty
Within Cells
Wkld Metric
InstructorSA X
Wkld Metric
BuilderSA X
Wkld Metric

SS

DF

MS

F

P

1353.02
55.99
.10

19
1
1

71.21
55.99
.10

.79
.00

.386
.970

2.58

1

2.58

.04

.851

41.57

1

41.57

.58

.454

1708.52
17207.90
23.26

57
3
3

29.97
5735.97
7.75

191.36
.26

.000
.855

132.03

3

44.01

1.47

.233

242.05

3

80.68

2.69

.055

731.31
15.96
11.49

38
2
2

19.24
7.98
5.74

.41
.30

.664
.744

40.71

2

20.36

1.06

.357
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InstructorSA X
BuilderSA X
Wkld Metric

67.41

2

33.70

1.75

.187

Within Cells

1255.74
60.92

57
3

22.03
20.31

.92*

.415*

24.41

3

8.14

.37*

.718*

46.48

3

15.49

.70*

.516*

19.40

3

6.47

.29*

.772*

1056.51
29.86

38
2

27.80
14.93

.54

.589

41.99

2

21.00

.76

.477

28.64

2

14.32

.52

.602

1.24

2

.62

.02

.978

1874.71
246.21

114
6

16.44
41.03

2.50*

.056*

72.42

6

12.07

.73*

.559*

146.10

6

24.35

1.48*

.221*

74.14

6

12.36

.75*

.548*

1978.85
86.63

114
6

17.36
14.44

.83

.548

Communication
X Difficulty
InstructorSA X
Communication
X Difficulty
BuilderSA X
Communication
X Difficulty
InstructorSA X
BuilderSA X
Communication
X Difficulty
Within Cells
Communication
X Wkld Metric
InstructorSA X
Communication
X Wkld Metric
BuilderSA X
Communication
X Wkld Metric
InstructorSA X
BuilderSA X
Communication
X Wkld Metric
Within Cells
Difficulty X
Wkld Metric
InstructorSA X
Difficulty X
Wkld Metric
BuilderSA X
Difficulty X
Wkld Metric
InstructorSA X
BuilderSA X
Difficulty X
Wkld Metric
Within Cells
Communication
X Difficulty X
Wkld Metric
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InstructorSA X
Communication
X Difficulty X
Wkld Metric
BuilderSA X
Communication
X Difficulty X
Wkld Metric
InstructorSA X
BuilderSA X
Communication
X Difficulty X
Wkld Metric

155.14

6

25.86

1.49

.188

114.38

6

19.06

1.10

.368

81.74

6

13.62

.78

.584

Between Subjects Variable (Instructor Workload): Spatial Ability

Within Cells
Instructor
Builder
Instructor X
Builder

SS

DF

MS

F

P

87250.13
5171.57
1873.93
3908.88

19
1
1
1

4592.11
5171.57
1873.93
3908.88

1.13
.41
.85

.302
.531
.368

Instructor Workload (SA = Spatial Ability * = violation of sphericity GreenhouseGeisser interpretation used)

Within Cells
Communication
InstructorSA X
Communication
BuilderSA X
Communication
InstructorSA X
BuilderSA X
Communication
Within Cells
Difficulty
InstructorSA X
Difficulty

SS

DF

MS

F

P

6323.63
19.84
122.13

19
1
1

332.82
19.84
122.13

.06
.37

.810
.552

211.39

1

211.39

.64

.435

307.88

1

307.88

.93

.348

13337.94
13124.08
1733.07

57
3
3

234.00
4374.69
577.69

18.70
2.47

.000
.071
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BuilderSA X
Difficulty
InstructorSA X
BuilderSA X
Difficulty
Within Cells
Wkld Metric
InstructorSA X
Wkld Metric
BuilderSA X
Wkld Metric
InstructorSA X
BuilderSA X
Wkld Metric
Within Cells
Communication
X Difficulty
InstructorSA X
Communication
X Difficulty
BuilderSA X
Communication
X Difficulty
InstructorSA X
BuilderSA X
Communication
X Difficulty
Within Cells
Communication
X Wkld Metric
InstructorSA X
Communication
X Wkld Metric
BuilderSA X
Communication
X Wkld Metric
InstructorSA X
BuilderSA X
Communication
X Wkld Metric
Within Cells
Difficulty X
Wkld Metric

807.71

3

269.24

1.15

.337

1233.37

3

411.12

1.76

.166

23808.93
32147.26
1922.23

38
2
2

626.55
16073.63
961.12

25.65
1.53

.000
.229

548.46

2

274.23

.44

.649

3499.91

2

1749.95

2.79

.074

6717.77
227.90

57
3

117.86
75.97

.64

.590

122.41

3

40.80

.35

.792

359.80

3

119.93

1.02

.392

127.04

3

42.35

.36

.783

10185.43
55.58

38
2

268.04
27.79

.10

.902

348.23

2

174.12

.65

.528

555.44

2

277.72

1.04

.365

673.69

2

336.85

1.26

.296

18577.26
2463.72

114
6

162.96
410.62

2.52

.025
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InstructorSA X
Difficulty X
Wkld Metric
BuilderSA X
Difficulty X
Wkld Metric
InstructorSA X
BuilderSA X
Difficulty X
Wkld Metric
Within Cells
Communication
X Difficulty X
Wkld Metric
InstructorSA X
Communication
X Difficulty X
Wkld Metric
BuilderSA X
Communication
X Difficulty X
Wkld Metric
InstructorSA X
BuilderSA X
Communication
X Difficulty X
Wkld Metric

770.53

6

128.42

.79

.581

1658.68

6

276.45

1.70

.128

550.98

6

91.83

.56

.759

15985.89
849.85

114
6

140.23
141.64

1.01*

.383*

1523.75

6

253.96

1.81*

.169*

702.11

6

117.02

.83*

.458*

640.23

6

106.71

.76*

.493*

Between Subjects Variable (Builder Workload): Spatial Ability

Within Cells
Instructor
Builder
Instructor X
Builder

SS

DF

MS

F

p

53406.77
6284.61
47.91
356.58

19
1
1
1

2810.88
6284.61
47.91
356.58

2.24
.02
.13

.151
.897
.726

Builder Workload (SA = Spatial Ability * = violation o f sphericity GreenhouseGeisser interpretation used)

Within Cells
Communication

SS

DF

MS

F

3837.75
140.04

19
1

201.99
.69

.415

p
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InstructorSA X
Communication
BuilderSA X
Communication
InstructorSA X
BuilderSA X
Communication
Within Cells
Difficulty
InstructorSA X
Difficulty
BuilderSA X
Difficulty
InstructorSA X
BuilderSA X
Difficulty
Within Cells
Wkld Metric
InstructorSA X
Wkld Metric
BuilderSA X
Wkld Metric
InstructorSA X
BuilderSA X
Wkld Metric
Within Cells
Communication
X Difficulty
InstructorSA X
Communication
X Difficulty
BuilderSA X
Communication
X Difficulty
InstructorSA X
BuilderSA X
Communication
X Difficulty
Within Cells
Communication
X Wkld Metric
InstructorSA X
Communication
X Wkld Metric

2.20

1

2.20

.01

.918

313.37

1

313.37

1.55

.228

811.08

1

811.08

4.02

.060

8941.35
5748.96
299.69

57
3
3

156.87
1916.32
99.90

12.22*
.64*

.000*
.553*

623.15

3

207.72

1.32*

.278*

56.59

3

18.86

.12*

.909*

25794.64
17582.79
3345.93

38
2
2

678.81
8791.40
1672.96

12.95
2.46

.000
.099

664.44

2

332.22

.49

.617

707.97

2

353.98

.52

.598

7241.73
604.15

57
3

127.05
201.38

1.59*

.217*

225.24

3

75.08

.59*

.623*

168.69

3

56.23

.44*

.651

291.90

3

97.30

.77*

.475*

3957.36
172.61

38
2

104.14
86.31

.83*

.405*

616.96

2

308.48

2.96*

.087*
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BuilderSA X
Communication
X Wkld Metric
InstructorSA X
BuilderSA X
Communication
X Wkld Metric

20.02

2

10.01

.10*

.832*

21.15

2

10.58

.10*

.826*

Within Cells

12797.17
515.73

114
6

112.26
85.96

.77

.598

431.36

6

71.89

.64

.698

221.92

6

36.99

.33

.920

1037.23

6

172.87

1.54

.171

13605.60
2515.87

114
6

119.35
419.31

3.51*

.020*

265.16

6

44.19

.37*

.777*

509.46

6

84.91

.71*

.551*

867.83

6

144.64

1.21*

.314*

Difficulty X
Wkld Metric
InstructorSA X
Difficulty X
Wkld Metric
BuilderSA X
Difficulty X
Wkld Metric
InstructorSA X
BuilderSA X
Difficulty X
Wkld Metric
Within Cells
Communication
X Difficulty X
Wkld Metric
InstructorSA X
Communication
X Difficulty X
Wkld Metric
BuilderSA X
Communication
X Difficulty X
Wkld Metric
InstructorSA X
BuilderSA X
Communication
X Difficulty X
Wkld Metric
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Appendix F
Debrief Data

Subject
Number

Major

Spatial Ability
(H=High; L=Low)

Communication
Condition Preference
(T=Telecomm;
C=Colocate)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

undecided
premed
business
music therapy
psychology
business
theater
exercise science
premed
undecided
education
marketing
elementary ed.
communication
biology
marketing
criminal justice
psychology
masters student
visual
communication
public relations
dietetics
communication
undecided
psychology
vcd
economics
secondary ed
special ed
business
communication
dietetics
music therapy
elementary ed
accounting
civil engineer
premed
undecided
finance
civil engineer

H
H
H
H
H
H
H
H
H
H
L
L
L
L
L
L
L
L
H
H

C
C
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

Workload Metric
Preference
(T=TLX; S=SWAT;
M=MCH
T
T
T
T
T
M
T
T
T
T
T
T
S
M
S
T
M
T
S
T

L
L
L
L
H
L
H
L
H
L
L
H
H
L
H
L
L
H
L
H

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

T
T
T
T
M
M
T
M
T
T
T
T
T
T
M
T
T
T
T
T

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
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41
42
43
44
45
46

undecided
elementary ed
english
nutrition
fine arts
prePT

L
H
L
H
L
H

C
C
C
C
C
C

S
T
T
M
T
M

There were several reasons given by subjects for choosing a specific metric. They
are listed below. Subjects were allowed to give as many reasons for choosing a metric as
they wished which accounts for more answers given (59) than subjects available (46).
Reasons for choosing the TLX:
1.

2.

3.
4.
5.

Wider range - 6
More dimensions - 13
Easiest - 9
Preferred the scales to a tree or writing down numbers - 12
Didn’t have to take as much time to read directions like the MCH - 3

Reasons for choosing the MCH:
1. Only have to write down one number - 3
2 . Easiest to remember - 2

Liked the decision tree, it worked like a map - 2
4 . Faster - 4

3.

Reasons for choosing the SWAT:
1. Less confusing - 3
2 . Less to do than on the TLX, but more dimensions than the MCH - 2

